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PROCEEDINGS 


OF  THE 


E.NXiNEEKS'  Club  of  Philadelphia. 


ORGANIZED  DECEMBER  iTth,  liy?. 


The  Eiiginwt>^'  f  1iih  of  PliilaJelphia  is  the  outgrowtli  uf  a 
few  ^)cii\\  jjtitlierings  tif  young  gt^ntlenu^n  interested  in  the  sev- 
eral bmnchc??  4»f  eri^neering  Bcienre,  who  met  for  conversation 
tuid  "  c?omperi!Mm  of  nt»tes**  durltj^  the  full  of  1877,  The  attempt 
to  firganijce  snvh  a  elub  wa^*  pml>id>ly  ^iigg«n^'te*l  and  eneouniged 
l>y  pleiumnt  reeolkx'tlon.s  <:ii"  the  very  delightiid  Thurs<h\v  even- 
ing meetings  which  were  held  dnriiig  1876j  in  the  rooniKS  of  the 
CVtiti'iHiial  C*oniinittee  uf  tlie  Ameriean  Institute  of  Mining 
Engiutt^rB,  at  Eleventli  and  (Jininl  street^. 

At  the  third  8<x'ial  meeting,  which  waa  held  on  Der,  17th, 
1^77^  the  ehib  was  regularly  oi^uiizetl  by  the  unanLmoufl  election 
of  the  fiJhjwing  otKt'ei^  : 

Premdeni^  Prof.  L.  M,  Haupt. 
Xlet-Ptrmdnilf  Coleman  Sellers,  Jr, 
f^^r^firy  and  ?)'m#iirer,  Cha***  E.  Bill  in. 

At  that  meeting  the  following  gentlemen  were  pre^nt:  Mes'^n'i, 
C  S- ikr^p  Jr,  11.  Vk\  StlletN,  L\  A.  ANhburncr,  E,  Niehols,  J, 
F*  Rtiiin^in,  P.  H.  Hickman,  L.  M.  Haupt,  0.  E,  Billin,  P, 
RoU-rts,  Jn,  M.  R.  Murkle,  Jn,  H.  Sellers,  W.  F.  Rellers,  T.  J. 
l^mL*,  W.  Lewis,  U.  B.  Culton,  G.  K>  Buck  man,  G.  Burnham^ 
Jr,|  t\  A.  Young,  (i.  H,  Chriiiitianj  Jr. 
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A  (.'oinniittee  was  apjx>into<l  to  frame  a  constitution  and  by- 
laws, who  rei)orted  at  the  next  meeting.  The  constitution  tlien 
^(lopttnl  limited  the  memlKfrship  to  fifty.  Although  the  consti- 
tution was  ix»vise<l  by  a  committee  apj)ointeil  Oct.  5th,  so  as  to 
mwt  the  growing  lu^eils  of  the  Club,  the  memljership  could  not 
Ix'  incre;isiHl  until  after  the  First  Annual  Meeting. 

This  first  numlxT  of  the  "  Proci^edings"  wntains  the  principal 
})iijH»rs  and  cM>mnuuiicsitions  which  have  been  read  before  the 
Club  during  the  jwist  year.  Though  none  of  them  are  long  theo- 
rt»ti(nil  |>a|»ers,  they  nevertheless  contain  much  information  of 
very  grtnit  pnicticid  value,  and  show  a  degree  of  activity'  among 
Philadelphia  enginwrs  which  could  not  have  been  developed  by 
any  other  meiuis  than  infonmil  meetings.  Several  of  the  papers 
relate  to  engineering  pn>blems  either  in  or  about  the  city  of 
Philadelphia,  and,  iis  it  is  intendeil  that  the  Club  shall  aid  and 
develo|x*  the  progress  of  engineering  sc*ience  in  this  city  as  much 
a»<  jHissible,  it  seems  mo«t  fitting  that  subjects  of  local  interest 
should  fn*<piently  wune  before  the  Club  for  du«ciLssion  and  criti- 
cism. If  tht^»  papers  and  discassions  are  confined  entirely  to 
mei»tings  of  the  Club,  much  of  the  good  which  they  might,  and 
ought  to  do,  ciumot  l>e  accomplislied.  It  is  hoped,  however,  that 
in  the  future,  the  Club  will  be  so  situateii  tliat  publications  can  be 
nuule  ever>*  few  weeks.  The  frequencj'  of  such  publications  will 
de|>end  largely  upon  the  encouragi^ment  received  from  persons 
whose  biLsiness  should  lead  them  to  give  sul)8tantial  aid  to>\'ard 
tlie  promotion  of  even-  interest  of  the  Club. 

C.  E.  B. 

Jan.  Uih,  1879. 
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THE  OIL  SANDS  OF  PENNSYLVANIA. 

By  CuAU.  A.  ASHBURXKR,  MoniUer  of  the  Cluh, 
Head  Frhnmr^  IBth,  1878, 

The  rtii'^rn  dweiiswion  among  the  prrMlut^rH,  sliip^K-rs  and  refin- 
€R*  of  tlie  |M}tr(>leuni  of  Pennrfylvaiuu,  has  attracted  the  piiblio 
f r**ntiftii  to  one  of  the  gn^itent  iiuhiMtrie^  of  uur  State.  Many 
oints  of  intercut  have  developed  them^selven,  during  the  a^nwident' 
tiun  hy  oiir  Legislature  of  the  pending  "pipe  line  bill/'  to  per- 
mit the  running  of  the  erude  from  the  well  nir>iith  to  the  tiea- 

Otic  of  the  moBt  im|>ortant  questions  to  the  petnjlenm  miner^ 
Hjul  one  which  even  the  more  enlightened  of  our  oil  men  mn 
an^iwer  only  in  a  %"ery  vague  and  uncertain  way,  18,  wliere  h 
jieindeuni  found?  The  (nic^ion  h  an  exeeediugly  broad  one, 
and  involves  many  e^)iiHidcrationj4  which  eannot  rea^^niably  Ix^ 
nt>tic^^i  within  the  Hniitw  of  a  brief  jKijier.  The  origin  of  ]R*trr^' 
leuni,  it**  connection  witli  the  8and  in  which  it  Is  found,  the 
uijlueoce  of  the  character  of  the  oil  ^land^i  on  their  prodnctivenes«i6, 
the  relation  of  the  surftu*e  rot^lcB  to  the  oil  Hands,  antl  the  bearing 
<if  mrfac^  LndiL^tiou;^  upon  the  p<is^ition  of  underlying  oil  belb>, 
the  ciMinection  between  j^etroleum  and  natural  gas,  etc,  are  all 
vital  <juestion?5  which  niiist  be  met  before  we  can  gay  where 
petrr^leum  is  found  and  where  we  may  Im^ite  profitable  wells, 

I  ilo  nut  widi  to  anticijjate  any  of  the  conclu8ion,s  whieh  our 
pre«<ent  Geological  Survey  may  advance,  to  meet  any  or  all  of 
thewe  questions  whieh  saggea^t  theni.selves  8o  |)ertjnently  to  those 
inte|if>ttt1  in  the  j^tetroleuni  iudiiHtry,  or  exjirt^j^n  any  views  on  tlu' 
nore  iJii|iortaut  antl  pnutiwil  question  a^  to  the  jKifytion  of  pn»- 
dutnng  territory,  and  the  hx^ition  of  proiital>le  wells,  I  hiive 
thought  it  would  he  of  interest  to  the  members  of  the  Enginet^rs- 
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Club,  to  give,  in  a  general  way,  a  vertical  section  of  the  nx'k 
formations,  showing  the  relative  position  of  all  the  oil  horizons 
of  Western  Pennsylvania,  together  with  an  estimate  of  the  daily 
production  of  each  horizon. 

The  portion  of  the  State  in  which  petroleum  has  been  founds 
lies  entirely  west  of  a  line  drawn  across  the  State,  from  the  State 
line  at  the  southeastern  comer  of  Greene  County  to  the  State  line 
at  the  northeastern  comer  of  McKean  County. 

For  convenience  of  description,  the  oil  r^ions  may  be  divitle<l 
into  three  grou{)6  or  districts — ^the  southwestem,  the  western  and 
the  northern. 

The  southwestem  district  may  be  said  to  include  that  part  of 
the  State  south  of  the  Ohio  River  and  west  of  the  Monongahela 
River ;  the  western,  better  known  among  the  producers  as  the 
"  lower  country,"  lies  in  the  water-basin  of  the  AU^hany  River, 
betM'een  Pittsburg,  on  the  south,  and  the  Philadelphia  and  Erie 
Railroad,  on  the  north ;  and  the  third,  or  northern  district,  lies 
entirely  north  of  the  Philadelphia  and  Erie  Railroad,  in  the 
a>imties  of  Warren  and  McKean,  and  extends  ten  miles  into  the 
State  of  New  York. 

The  strata  of  Westem  Pennsylvania  lie  comimratively  hori- 
zontal. The  average  dip  of  the  nx;k  from  Bradfonl,  near  the 
State  line,  to  Pittsbui^,  is  about  18  ft.  to  the  mile;  that  is,  a 
rook  which  occurs  at  water  level  at  Bradford,  at  an  elevation  of 
1450  ft.  above  ocean  level,  would  be  found  at  Pittsburg  alxmt 
750  ft.  below  the  same  datum,  or  1500  ft.  below  water  level. 

Three  thousand  feet  of  the  stratified  rocks  of  the  CWbonife- 
rous  and  Devonian  Ages  in  Pennsylvania,  have  been  found  to 
contain  petroleum.  The  highest  stratum  in  which  oil  is  found, 
occurs  in  the  coal  measures,  165  ft.  below  the  Pitt*>l)urg  cojil 
seam,  in  Greene  county ;  while  the  lowest  occurs  about  3200  ft. 
below  the  geological  position  of  the  Pittsburg  coal  seam  in 
Mc'Kean  count}'. 

If  we  should  drill  a  well  in  Greene  county  3200  ft.  dwp> 
starting  on  the  Pittsburg  coal,  we  would  pass  through  the  hori- 
zon of  all  the  sands  and  sandstones  in  which  the  jK^troleum  of 
our  State  has  been  found. 

This  estimate  is  made  on  the  iissumption,  that  if  the  coal  meas- 
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eiHinrv,  the  lowest  oil-besiring  nx-k  in  tlie  aorthern  dbtrict  wnuld 
he  fcmiKl  the  same  depth  lx4ow  tlie  Pittebiirg  ooal,  a/$  the  j^>li)g- 
itnl  ht>ri//in  r»f  the  siiiiie  ,siind  would  1*0  ftnuid  below  the  ^ame 
i>i6il-l)e<l  in  Greene  ajimty, 

Fnim  ubst^rvationii  in  the  western  part  of  the  State,  we  know 

that  the   TttckB  are  subject  to  ven^  market]  and  nijrid  ehanjjes  in 

tlirir  thiekne?^^,  in  eonipanitively  .^hort  dmtaiic^^.     What  the 

vkm^'  m  rock  thieknens  may  (>rove  to  l>e,  V)etvveen  MeKean  and 

(rreene  eixiptie^j  we  have  nt>t  .suffieient  faet^  at  hand  to  assert. 

Wfjether  the  tutal  thicknes?*  of  the  wtmtifietl  ntcki^  l>etween  the 

Pittsburg  ami  am!   the  "  Hniethpt)rt  ^'Wir   lowest  oil  horizon,  at 

IrH^lide^  between  the  two  countie^j  «hall  I>e  iuund  to  lr*e  a  \  ari- 

ahfe  *|imntlt\%  or  nineh  great€*r  or  niueh  less  than  tlie  alK>vD  esti- 

tmiU\  the  fant,  in   it^elf^  w^iJl  not  defeat  the  objeet  of  thb*  I*aj>er, 

whi(*b  i^  intendetl  to  )>oint  out  the  relative,  and  not  the  ali6<«lute^ 

pHttion  nf  the  oil  santb^  one  to  atn>then 

The  i>etroleunij  in  the  south wt^tern  distriet,  comen  from  the 
high<^t  r<:»<^k.H;  that  in  tlie  northern  eomes  from  tlie  lowest;  wliile 
tJie  pn>dueing  sand^  of  the  wesiitern  diBtriet  are  ft^und  interme* 
diiite  lietween  the  other  two  giNUij)^^  of  nx*ks. 

The  south wa^tern  di^^triet  ^'  oil-s;ind  grou|»  *■  i*^  about  800  feet 
tbiek,  and  it  m  eompot^ieil  of  three  §and.Ht4me  membei^^  se^mrateil 
by  interv^ali*  attaining  tsml  wea^mw,  slate  and  shale.  The  follow- 
ing is  a  general  i^^'tion  ot*  the  grcKip,  by  Pr<»f,  Htevenson  : 

L  Morgan tiiwn  Sandstone,  Dnnkard  Creek;  thieknesi*,  <>ti  ft> 
I^jwer  Barrc^ii   ('oh I   Meawures,  shales  and  slates^;    thiekncHs^ 
UM  ft. 

2-  Malioning  Sand^toue,  Dnnkard,  Whitolev  and  Dunlap^s 
<*rt^ks;  thick  ne^s,  50  ft, 

L<iwer  Proiluc*tive  Coal  Mea'^urert ;  thickness,  85  ft, 
;i.    Fiethnout    Sandstone    and    (Wl    t*on^lonienite,    Diinkiird 
Cm^^k  ;  thiekness,  4(K)  ft. 

The  rin^t  or  upf>er  *>il  sandstone  sIkjws  considerable  variation, 


'  Thi!»  horizon  I  iiri^inHily  called  Hartweli,  tiiid  it  i^  ho  puUlUlied   in  tlie 
Frankok  iN^rrruTK  JouaxAL  for  April,  1S78,     Since  tlien  the  liorkiiii  It 
l»rovwl   prodiiciiife  in  the  vicinUy  of  Siuelhport,  McKenn  county;  and 
change  of  name  in  thougbl  advisable. 
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unci  in  oftentiincH  replaced  by  shale.  It  i8  a  noticeable  fact  that 
in  thin  caw  the  shale  contains  no  oil. 

The  Mahoning  or  second  sandstone  is  quite  constant  in  thick- 
ness, and  is  the  princiiml  reiMjsitory  of  petroleum  in  the  south.- 
wwtern  district.     It  frequently  contains  conglomerate  layers. 

The  third  or  lower  sandstone  is  made  up  of  three  members,  aii 
up|>er  and  lower  sandstone  member,  separated  by  about  30  t4» 
4()  ft.  of  shale  and  coal.  The  upper  member  is  regarded  as  the 
oil-bearing  rock.  The  lower  member,  or  Piedmont  SandHtone> 
is  the  representative  of  the  coal  conglomerate  or  millstone  grit. 
No.  XII  of  the  Pennsylvania  nomenclature. 

Some  of  the  characteristics  of  this  district  are  quite  different 
fnmi  those  of  the  western  or  northern  districts.  In  drillings 
small  crevices  in  the  oil  sands  are  of  frequent  occurrence ;  and  it 
is  a  striking  fact  that  the  oil  Is  said  never  to  have  been  found 
except  where  a  creviw  was  struck.  The  producers  in  this  fiekl 
have  wnsidered  this  fact  necessary-  to  the  original  prodiu'tion  of 
oil  itself. 

Ait^onling  to  Prof.  Stevenson,  the  oil  in  nowise  owes^  its  origin 
to  disturlwnw  of  strata,  and  the  only  effect  of  the  disturlnuice 
has  \yi\n\  to  pnn'ide  reservoirs  for  the  oil  in  the  rock  already  oil- 
iK-jiring. 

Bi'twwn  the  bi>ttom  of  the  coal  conglomerate,  which  is  the 
hiwest  niemlx»r  of  the  lowt^t  oil-pnxlucing  sandstone  of  the 
southwestern  district,  and  the  "  first  oil  sand,"  which  is  the  high- 
est prtxlucing  sandstone  of  the  wi»stem  district,  there  Ls  an  inter- 
val of  fnmi  650  to  7(X)  ft,  of  shales  and  sandstones,  forming  the 
BarriMi  Oil  Measures,  or  Mountain  Siuid  group.  These  nx^ks  are 
|>erftH*tly  luirren  of  any  iHx>nomi«U  strata ;  they  ctHitain  no  (xxil^ 
mm  or  oil.     In  Butler  i\>unty  this  gnmp  often  ci>ntains  gas. 

The  Greene  cinum*  "  oil  ssuid  group,"  and  the  up|H»r  jxirt  of 
the  Barren  Oil  Mesisuns,  U^long  tf>  the  Carlxmifennts  Agi\  while 
thi'  i»il  sand<  of  the  western  and  northern  districts  are  Devonian 
nn'ks. 

The  fiJlowing  is  a  genend  stvtion  of  the  oil  siuuls  of  the  west- 
ern district : 
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Interval, 
Seetmcl  Hand, 

Interval, 
Thinl  NWil, 


40  ft.  ihit^k. 
105  ft. 

2o  ft.  thiek. 
110  ft, 

3o  ft.  thit'k. 


Total  thickness  nf  tfic  K''**•^^^        *     *^^'^  ^* 

AJl  the  oil  ftn/ni  Clari**!!,  Butler  ancl  Venango  eonntits,  which 
oampriife  our  nimi  prtMliietive  field,  eomes  fnmi  i\m  gnnii>,  and 
|iroin  ^jne  of  the  reprt^'ntativesuf  the  thret^  t^inds.  Thtst-  ^nds 
iHiinetjnii'i^f  nplit  up  into  .seveml  mernlx^i^,  giving  ri.'se  to  wliat 
ire  known  o^  the  **  fourth,*'  **  fifth*'  and  **?^ixtlr'  s^md^  nf  Oil 
Creek. 

The  first  nmid  pn^hu'L^  a  htiivy  hibrktitirj^  oil  fnmi  viO^  tti^ 
35°  gru>4t}' ;  the  hik^mkI,  ati  tiil  *if  ahcmt  4^.1'^  ^mvity  ;  and  the 
thirtl  sand,  the  ii?*tial  light  oil,  from  45°  to  oO"^  gmvity, 

The  thinl  .sjind  <if  tlii<  di?^triet  i.s  the  nuKt  ]jnKhictivt%  and  ^np- 
|dii^  Ohif^t  i*f  the  nil  of  i-uninien'e,  Aec^»nliti«j  to  ^[l^  (aril, 
X**^kUun  In  the  Oil  UegioaMfj  "the  well  rti'ortl*  ahni^  the  '  giren 
oil  Im^Ii'  in  Vennii^o  eonnty,  show  a  great  uniforiuity  iri  tiie 
jirnuigt^niejit  of  the  ?^nd  rtx'Li*  They  ai\!  -sharply  tietined, 
imi^dve,  and  lie  at  regular  intervals*  Gobig  s^mthtiust  from  this 
belt*  they  gnidually  split  into  sL^veral  mernbei>i,  fine  down  in 
their  i^mijxisition,  and  sluuk*  away  into  shalfs.  (itiing  to  the 
north wt^t,  the  third  sund  terndnates  mther  aliruptly — ^tlie  strond 
^aud  overlaiJei  it,  and  contiuuL^  a  mile  or  twi*  farther;  the  fin^t 
?eUMl  overkpi?>  the  seeond,  and  uxtends,  in  some  placf?^,  a  hm^  dls- 
tiinee  l>eyond.  The  nuijt>rity  of  the  wells  prrMliieing  froMt  the 
fif^t  and  ^ec^md  Hands,  are  hx^tetl  along  thi^*  overlapping  tnlge^^ 
of  tJie  siuid  nxk^.'* 

*^  \Vhi*rever  the  thinl  or  lowesjt  simd  is  ada]>tetl  to  the  [iroilue* 
tion  of  oil,  the  main  deposit  is  tound  in  it,  and  not  in  the  saniLs 
above.  The  fir^t  and  seeond  sands,  jdthougli  of  goinl  i  quality,  do 
iioi  jiriMlnee  oil  along  the  et^ntrt*  cif  the  belt.  In  simif  wl-IIs,  it 
h  true,  oil  has  lx»C!n  obtaint'd  from  all  three  of  the  stinds,  TIr^^ 
wells  art*  not  on  tlie  axis,  lint  near  the  edge  of  the  third  sauil ; 
and  but  a  short  distiuiei*  further  from  the  (.iintris  no  thint  sand 
t^m  l»e  foumh" 
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Tliese  are  very  suggestive  facts,  and  seem  to  point  to  the  > 
elusion  that  the  oil  sanils  are  merely  reser\'oirs,  which  have  acte 
as  s|x>ngcs  in  absorbing  the  oil  which  has  ascended  from  a  muc 
greater  depth.     The  oil  in  this  «ise  would  not  be  indigenous  i 
the  rock  in  which  it  is  found. 

If  indigenous,  why  is  the  bulk  of  the  "  first  sand  oil ''  foun 
in  the  edges  of  the  first  sand  which  overlap  or  extend  beyond 
the  edges  of  the  second  and  third  sands  ?     The  sjime  questio 
suggests  itself  in  regard  to  the  most  productive  portions  of  th 
second  sand. 

Between  the  "  third  oil  sand"  of  the  western  district  and  tl 
Warren  sand  of  the  northern  district,  there  is  an  inter\'al  of  about 
600  ft.  of  shale,  which  is  entirely  barren.     The  Warren  oil  sand  ^ 
is  verj'  irregular  in  character,  and  the  oil  is  found  at  horizons 
varying  from  600  to  800  ft.  below  the  Venango  third  sand. 

The  oil  obtained  from  the  Warren  horizon  resembles  very 
mu(*h  the  "  third  sand  oil." 

Among  many  of  the  producers  the  oil  is  known  as  "  slush  oil,** 
on  acxx>unt  of  the  irr^ular  and  poor  quality  of  the  sand,  and 
the  rapid  diminution  in  the  j>roduction  of  the  wells,  which  are 
large  producers  when  first  struck. 

The  productive  horizim  of  the  Bradford  oil  belt  in  McKean 
County  and  Cattaraugus  Countj^,  New  York,  occurs  probably 
300  ft.,  more  or  less,  below  the  Warren  horizon.  The  sand  in 
the  Bradford  belt  is  finer  and  closer  in  texture  than  that  of  any 
other  producing  belt  in  Pennsylvania ;  it  is  also  more  cx)nstant 
in  diameter  over  a  wide  areji.  These  facts  have  much  to  do 
witii  the  small  {K^rcentage  of  risk  which  the  producer  ex{>crienceH 
in  obtaining  "  dry  holes,"  or  non-i)roducing  wells.  The  Brad- 
ford l)elt  is  the  surest  luid  safest  territor}'  in  which  to  ojx»rate. 

Of  the  wells  completed  in  November  in  the  Butler,  Parker 
and  Clarion  districts,  14*8  j)er  cent,  were  **dry  holes";  while  in 
the  Bmdford  district  only  G'6  jkt  cent,  were  "  dry  holes."  This 
is  more  than  the  usual  monthly  average  of  "  dry  holes"  in  Brad- 
ford, on  account  of  the  grciit  numlKT  of  "  wildH*5it"  or  test  wells 
which  were  drilK?d. 

Tiie  oil  is  of  alwut  the  same  gravity  as  the  "thirtl  sjind  oil," 
hut  somewhat  different  in  character.     On  acc^ount  of  the  differ- 
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emx.*  til  the  ?^!id  aiul  in  the  oil,  the  Bmdfonl  wells  aire  never 
|mmji«^l  roiitinuoiii^lvj  but  **  bv  liemb/*  or  lU  rt^gnkr  iiiterviib, 
Tht  is  friunil  iiL*tt*!ysitrv%  in  onhr  to  keep  the  sand  o}xui  and 
jK.>nitis  \Vhc*ii  the  ilite^^titx'?^  r>t"  the  stind  lH*4*<jnie  *^  choked*  by 
ih**  hcttvier  pirt,s  i4'  the  t^il,  tlie  .sand  it^  broken  up  and  hwjiseiied 
by  nitrtvglyt^nne  torpedo^^  which  are  low^retl  to  the  dejith  of 
the  prcKlueing  ^and  mid  exp]o<letK 

A  great  de^d  of  the  oil  obtained]  froni  tlie  Bmdford  Ix'lt,  along 
the  State  Hnej  is  found  s^venil  liundred  feet  above  the  regular 
prudueing  sand.  The  horizon  of  this  oil  may  prove  to  be  the 
f^me  a^  the  liori^on  of  tlie  Warren  oil. 

The  If^west  oil  toinid  in  the  northern  diBtrietj  and,  in  fact,  in 
Pen  n&*y  I  van  ia,  tninies  from  what  I  have  called  the  **  Smt  thjKirt' 
oil  siod  "  which  ha.^  bnt  recently  l}een  db^eovered  in  Keating 
To^otjthip,  MeKean  Cmnity,  This  horiztm  is,  pn>l>ably,  350  ft» 
Mim  the  Bmdforcl  f^ind ;  it  hm  not  m  yet  been  thorougldy 
i*>tt*d  ;  at  present  it  is  m in-productive, 

IVtn ileum  liiy^  never  Ix^n  ftiund  in  the  thn^  grimiii^  of  t>il 
tncsi^urei^  in  the  same  kx^dity.  As  the  oil  sand^  of  the  sontli- 
wentTn  and  western  district  outcrop,  or  come  tt)  the  giurfat^,  in 
tlie  northern  district,  we  may  never  exjxK*t  to  find  oil  in  them 
Oi*rth  of  the  Philadelphia  and  Erie  Kailrrhad*  The  question  w^ 
to  whether  we  will  ever  find  the  nr>rthern  tlistrict  oil  in  the  wcj^t- , 

n  district,  and  the  fill  of  Inith  of  them*  districts  in  the  woutli- 

ir*T>tern  di^trictj  ii*  a  very  suggestive  one.     If  our  future  ex]dr>- 

rrttioni^  iahall   pro%^e  snch  to  be  the  c^ne,  we  are  safe  in  the  as^r- 

lt*in  tliat,  at  the  present  price  of  crude  oil,  the  welk  w^nild  be  Um 

deep  and  tttf»  expensive  to  warrant  the  development. 

FmmiKTios. 

I  am  unable  to  state  how  much  petroleum  m  produced  in  the 
**oiithw€s=*teni  district.  Quite  exteui^ive  developments  w^ere  made 
in  liret^ne  i^ainty  laf*t  fall,  and  I  urn  iutonneil,on  gtMxl  authority , 
I  hut  one  of  the  new  wcIU  wmk  prmludu^  50  Iwinx^l??  a  day.  No 
#»il  lt*rritoiy*  hai*  yet  lx»en  toiuul  in  Washington  (^anitA\ 

_   » The  Hjwikiil  well  it  Bmethport  is*  at  presenl  (D^c*  27,  li78 )  producing 
out  2  I'bia,  of  Oil  a  d sty  from  tlds*  horizon.    The  total  prodaction  to  dat6 
utitit  to  abotU  fW  bbb* 
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The  following  table  shows  the  production  in  the  western  (li.s- 
trid,  in  Xoveniber  la^t : 
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The  following  it*  the  producrtion,  for  the  sjime  month,  in  the 
northern  district : 
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The  total  daily  pnxlmlioii  fur  Novetiil>erj  in  th*.'  wi^^Ijitii  aiKJ 
northern  flij^trict?*,  was  39,114  Imnvls ;  in  the  month  of  (>etoU*r 
the  same  distrietj?  produ(*ed  40,946  Inirrek  [wr  day*  This  dix^^i 
not  necessarily  show  a  drerea.se  in  tlie  mutual  pnMlnction  :  it  i;^ 
pri>bttbly  an  error  in  the  e^ti mates. 

The  above  figures  were  taken  from  the  Peirofeum  Iivi/*nif'i\ 
From  repi>rtis  made  to  me  during  the  pa>^t  wec^k,  tl»e  Wanvn  dw- 
trict  is  Emd  to  be  pn»ducing  nearly  500  iMirreln,  while  the  HnuU 
ford  daily  production  approaelie^  9500  barrels.  Of  the  Kntd- 
ford  pnx!  net  ion,  ak»nt  four-fiftlis  eonie  from  the  regular  Br:id- 
foixl  §aiid,  and  one-fifth  trom  the  higher  horii^ons  in  the  ''shisli 
oil"  welK 
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HOUSE    AND    STREET    DRAINAGE 

OF   THK 

CITY  OF  PHILADELPHIA. 

AlMCmet  of  a  pajier  by  KrnoLen  Hkrinu,  C  K,»  Meiuber  uf  (']u<k 
Eeml  Mtm^h  2d,  1H7H. 

The  great  inn>urtant'e  of  it  well-regidattHl  iind  eifi<'fpnt  dniin- 
age  jsy&tcm  for  hounes  and  ntreets  hits  oidy  lately  l>een  thonntf^hly 
under^t4>od  and  appreeiated.  It  is  oidy  within  tlie  hist  (ifty  ymr^, 
that  tiny  sua^es^ful  efforts  have  lieen  made  to  fri;*e  tlie  large  <*itief* 
fif  the  world  from  the  fatal  i^flwt.s  of  aeiuimnlatnig  tilth, 

Mrxlern  uiedit'ul  stnen*!*  has  niaile  grmt  [jj-ogfi^*^  in  ili-st-^vvLTing 
the  cati'M^  of  the  origin  aiul  spread  of  ili.^^iHe ;  and  it  is  now  wel I 
e^tablnhixl  that  typhoid  fever,  diphtheria,  ?«'3irlet  fever,  (^holeni, 
kI  other  niahiriai  diseases,  are  jjrojmgated  dii-eiily  or  iiulinttly 

deeompQE^ing  organi*'  matter.  The  eftieient  ivmoval  of  all 
n^fu??e  Ifi  tl)  ere  fore  very  t^^^ntial  ffir  tht^  g<H)d  heidth  of  thr  ( 'ity* 
It  i?»a  fa<:t  veriHed  by  !4t4Htistit>  that,  wheiv  liivusc  dniins  and  .h(»w- 
ery  have  l)eeu  skillfully  designisl  and  i-onstna^ti^b  ^*  mark<>l 
ilt-i'rease  of  siekiiesg  and  a  rednetion  of  the  tleath  rate  have 
rt^ultt-nJ,  Mr.  B.  IjUtham  eit^^  twelve  ni^^j*  i>f  eitic^^  and  t^^wlt^, 
with  [KipidatioiLs  nuigiiig  from  7,818  to  08^O5t>j  an<J  death  mtc's 
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varying  from  19^  to  33^  per  1,000,  in  which,  after  the  com- 
pletion of  sanitary  works,  the  rate  was  reduced  to  from  18-^  to 
26|^  jKjr  1,000,  with  a  diminution  in  some,  of  typhoid  fever 
cases,  fn)m  10  to  75  per  cent,  and  from  11  to  49  per  cent,  in 
cases  of  plithisis. 

As  the  drainage  system  of  our  City  is  notably  bad,  it  will  jus- 
tify the  conclusion,  that  the  occasional  prevalence  of  malarial 
diseases  has  probably  been  due  to  this  cause,  and  the  importance 
of  considering  a  remedy  is  therefore  apparent. 

It  is  my  purpose  to  give  a  general  idea  of  the  ways  in  which 
our  houses  and  streets  are  drained,  and  then  t»  point  out  some  of 
the  defec^ts,  together  with  their  remedies,  which,  if  not  securing 
a  complete  immunit}''  from  disease,  would  remove  a  powerful 
agency  for  the  evil. 

As  the  subject  is  one  of  great  magnitude,  it  will  only  be  pos- 
sible to  point  out  the  main  facts,  and  leave  the  details  for  another 
time. 

House  Drains. 

The  hovse  draim  form  the  most  important  part  of  the  drain- 
Ago  system.  Upon  the  care  bestowed  upon  them  will,  in  a  great 
measure,  depend  the  ultimate  success  of  the  whole,  from  a  sani- 
tary jwint  of  view. 

As  a  rule,  they  are  thoughtlessly  designed  and  carelessly  exe- 
cuteil :  although  many  of  the  plumbers,  who  generally  have  sole 
charge  of  the  matter,  may  be  excellent  and  conscientious  work- 
men, they  are  generally  not  versed  in  the  principles  of  the  sci- 
ence governing  the  design  and  execution  of  their  work,  or  are 
prevented  from  carrying  them  out  by  the  unwillingness  of  the 
pro|)ert\'  owner  to  meet  the  expense. 

Col.  Waring  has  formulated  the  requirements  of  a  perfect  sys- 
tem of  house  drainage  as  follows : 

Allow  no  organic  decompoHition  to  take  place  within  the  dwelling j 
or  within  any  drain  or  pipe  connected  with  it  under  conditions 
Jnrorable  to  the  propagation  of  unhealthful  influences. 

Allow  no  air  that  h<is  once  been  inside  of  a  drain  or  soil  pipe  to 
Oder  the  house  under  any  circumstances. 

Ix»t  us  see  how  far  our  hoase  drainage  answers  this  formula. 

We  have  in  the  main  three  different  svstems : 
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F7r^.  The  tlmiiifige  uf  the  mnl  pi\w  dis£4iarg^H  into  a  c€«8-pool 
or  well,  and  the  wasti*  wiitt*!^  are  t*r>nveyeii  on  the  j^urtutH^  into 
tbe  street  glitters. 

Thk  iw  the  oldc-Ht  hystein,  nnd  until  recently  the  ni<Ht  used^  and 
is  ^tlll  desigunJ  firr  many  new  hoiy^g  built  on  ^^streets  witliout 
In  old  houses  the  Vi^lLs  are  ^^nerally  in  tJie  cellar;  in 
the  new  on«*  they  are  in  the  yard.  They  are  lineal  with  briek^, 
hid  drrf^  and,  thereic»re,  let  the  tiuidi*  s<mk  away  int*i  the  adjoin- 
ing gn>nnd. 

WVf  then,  do  allow  deix>nip(n^ition  to  take  plat^  in  the  welU 
within  or  near  our  dwelltngHj  and  this  under  v^ery  iavtmd^le  eon- 
diti«mt<  for  ?*presiding  dii^«ea.^,  and  ali^o  allow  the  foul  air  from  th<- 
cift§e-po<il,  f^[ieeially  when  in  the  cellar,  to  rise  directly  into  the 
boiiae. 

The  surface  discharge  of  waste  water  \e  not  injurious  to  he^ltli^ 

k'iiefause  it  facilitates  oxidation*     But  it  irt  annoying  and  disagree- 

}>k%  partly  berause  we  nee  it  i^ instantly,  |Mirtly  Vje<'3Uise  it  r'overs 

tlie  mdewalk^  with   ice  in  winter  and  endangers  the  tximtbrt  of 

pcdcfltriflnEk 

S^ofuL  All  fl  rain  age  m  cirnvTytnl  nndergnamd  to  the  sewer, 
ineludiiig  the  overflow  from  tlie  t^^s^w-ptKjL 

Thi8  svHtein  is  the  moHtconnnon.  The  old  ct^Bj^-jMXil,  *itill  HHeil 
rtK  ^lefore,  iH  fonn(»t^ted  with  the  sewer  generally  by  an  eight-ini-h 
terriWM>tta  pij^c-  Fmrn  this  a  poil  pip,  usually  of  ca-^t- iron,  four 
Inches  diameter,  in  i'sirritxi  uji  to  the  water-<4ofJetH»  Wiiwtc  pi[M^, 
not  over  one  and  a  half  inc  h  in  diameter,  mn  from  the  kiteheji, 
Uifh-rcw>m  and  wa^lij^tands  into  the  noil  piiie  or  main  |n|M%  l>nt 
general ly  in  a  maimer  whieli  reipureH  the  ^horte^t  length  of  pijK.^ 
whether  this  is  the  bent  w^ay  or  not.  The  j*jjc>ut«  are  generally 
iTirried  into  the  main  pip,  Tmp  ai*e  genendly  put  in  under 
tsu'h  receptiic^le  of  refuse,  as  under  t^eh  water-ehjset,  sink  an*! 
wa^tiBtaiid,  (>cx!a'^icaially  an  additional  main  trap  is  j>lac-od  where 
the  pip  enters  the  et^llar*  The  int€*rmediate  air-hx*kcd  portion  i?* 
tlien  it>nnec*ted  with  some  pip*  Icniding  to  the  rof>f,  genemllv  a 
niin  water  spont. 

I  am  told  by  phmilKn's  that  hardly  one  house  in  a  hundred 
hsm  its  si»il  pipes  ventilated,  and  nmeh  more  seldom  its  waste 
|iipei(^    Xo  pnvvision  is  ever  jiiade  to  kUow  frt^h  air  to  enter  and 
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<innilate  tliwugh  the  pipes.  The  work  itself  i«  generally  done 
verv  bully,  esjKK'ially  in  the  large  number  of  bonus  houses. 

It  is  anuizing  how  reckk*«ly  some  houses  are  drained,  thus 
]>r<Khicing  and  increasing,  in  reality,  the  verj-  evil  they  are 
intended  to  avoid. 

But  let  us  see  the  defects  clearly  by  applying  our  formula. 
lXH*<>niposition  is  allowed  to  take  place  in  the  cess-pools  under 
<M>nditinns  favorable  to  the  pro[>agation  of  unhealthful  influences, 
as  the  sewage  remains  there  a  long  time  before  the  overflow 
<«rrii»s  it  away,  and  the  contaminated  air,  when  originating  in 
the  cellar,  rises  immediately  into  and  through  the  house;  or 
with  the  well  in  the  yard,  it  may  be  carried  to  the  windows  by 
the  winds. 

Tlie  al)sence  of  ventilation  promotes  decomposition  in  the 
pijK^,  and,  as  the  joints  and  fittings  are  often  poorly  made,  allow- 
ing an  escaipt%  the  |K)isonous  gas  reaches  us  also  directly  from  this 
sounv. 

During  a  heavy  rain  storm  the  sewers  receive  much  water ;  the 
air  is,  therefore,  forced  out,  and,  as  the  man-hole  covers  are  tight, 
it  l>lows  out  the  wejikest  traps  and  enters  our  houses.  It  can 
often  be  detected  by  the  bubbling  noise  in  the  washstands  and 
water-<*losets. 

Third,  All  dniinage  is  conveyed  directly  into  the  sewer,  solely 
through  pi})es,  without  having  any  cess-pool  on  the  premises. 

This  is  the  latest  system  and  the  best.  It  carries,  when  pro{>- 
erly  designetl  and  built,  all  refuse  matter  as  directly  and  as  raj)- 
idly  as  ix)ssible  away  from  the  premises. 

But  the  details  are  the  same  as  before,  with  the  same  objec- 
tionable features,  excepting  those  of  the  cess-pool.  With  the 
absi»nce  of  proper  ventilation  and  of  a  most  careful  design  and 
<?xt^'ution  of  all  its  details,  in  order  to  prevent  the  air  inside  of 
the  pijx^s  from  entering  the  house  under  any  circumstances,  it  is 
imiK)ssible  to  have  a  system  answering  the  requirements  of  health. 

Why  have  we  these  imperfections?  Becaase  there  is  an  entire 
al>s4L*nce  of  municipal  regulations  governing  the  details  of  hoa^^e 
drainjige.  Proprietors  and  plumbers  have  their  own  way,  and 
<«rry  out  their  (»wn  ideas. 

It  csuHiot  I)e  doubted  tbat  there  is  ais  much  scientific  knowl- 
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oetx-^i^iry  tW  designing  and  a>n8tructmg  efficiout  sanitary 
r<irk!4  as  for  aiiy  other  hmnih  of  engiiiefTmg*  Therefoi^^ 
tiHther  the  average  hoa'^^linlder  nor  the  artisan,  however  skillful 
he  may  Iw,  can  be  **xiMXti*il  to  f>r«>|>er!y  iut»inpliiili  tlje  dertirt**! 
encS.  The  Lm[K»rtaiH'e  oi  having  tJie  \mst  (lenign  and  quality  nf 
wnrk  recjuires  the  official  authority  of  the  best  available  talent, 
ni  iffisi  w^  much  jih  for  other  muni{'i|ml  work. 

Water  pijx*  are  laid  mxtjrding  tn  regulations.  Gm  pijieg  are 
caiiefnUy  inii|>e<'t^<^l  m  to  their  mu^,  directions,  lienfU,  [MJBitimi, 
etc,,  in  opder  tn  [>revent  accidents.  But  dmin  pii>e.Hj  on  the  ciin- 
ditiiin  of  which  dejiemU  to  m^  gr^it  an  extent  the  health  and 
Uvt*  of  our  fiunilie^,  rm^eive  no  attention  whatever  in  this  city. 
The  fir*t  re(|iijreiuent,  tlierefore,  is,  that  we  t^liould  have  muni- 
d\ial  reg-ulatiouii  in  accordance  with  the  latest  infijrniation  thai 
the  r4^*^pei?tive  pcientien  furninhes  us;  and  the  eetH>nd,  that  wu 
shotild  have  an  efficient  system  of  carrying  them  out,  by  iDtelli- 
put  ruau^enieat,  by  Iii>ensed  plunil>er^  and  by  inspectors, placed 
ntirier  WikL 

I  hope  to  lie  able  at  some  other  time  to  lav  before  you  eome 
rt^ihittons  of  thh  character,  Cijmpilecl  fnan  the  long  and  costly 
ex|>erient^  of  the  largest  cities  of  the  worhL 

Sewer8» 

The  second  branch  of  the  whole  Bubjeet  in  that  of  seweri*, 
which  lite  to  oolIec*t  the  dif*t*harge8  from  the  houm^  and  the  wa^h- 
ing^  from  the  streets,  arnl  to  convey  them  to  places  where  they 
<mi)  d(»  no  harm. 

I  will  niJt  enter  into  the  <|iie!rtion  of  the  merits  of  having 
aewers  at  all  in  our  struts.  Much  may  be  said  aguitL^t  them. 
By  our  hahitif  and  all  ihQ  cotrtly  pre«?nt  armngenient*?,  we  have* 
h*^*wever,  tiiade  them  a  nec*3*s«itA'<  Bnt  a  sewer  will  never  he  any- 
thing but  a  p^iwerful  enemy  in  our  midivt,  and  if  not  under  per- 
[leinal  sii|K*r virion  will  ^>me  day  bring  .^jrrow  t4j  our  honied, 
To  rt**lucc*  the  evil  tn  a  minimnm,  it  is  al*fiohitely  nece^sar}'  that 
all  the  works  shonkl  1k^  dej^ignec!,  built  ami  maintatrnxl  acciirding 
It  I  the  latest  and  mo^t  approved  meth^jdH  of  the  iM^ienw  of  sanitary 
engiiirtirtn^j  and  sht^nld  have  tar  more  (rare  l>est*>wed  uixm  them 
disui  iw  generally  done  and  lielieved  to  l>e  nee€3*8arv. 


16  Hering — Drainage  of  Phila.      [Proc  Eng.  Club, 

In  our  city  the  sewers  are  <li\4ded  into  branch  and  luain 
sewers.  The  former  collect  the  refuse  directly  from  the  hoases 
and  streets;  the  latter  receive  the  discharges  of  the  branch 
sewers  and  convey  them  directly  to  the  rivers.  I  shall,  as  with 
the  house  drains,  first  give  the  requirements  of  a  perfect  sj'stem^ 
as  agreed  upon  by  the  best  sanitary  engineers,  and  then  describe 
the  principal  features  of  our  sewers,  which  have  an  aggr^ate 
length  of  nearly  200  miles,  and  state  wherein  they  do  not  fulfill 
these  requirements,  and  how  the  defects  may  be  greatly  improved. 

A  perfect  system  of  sewerage  demands  the  following  condi- 
tions : 

a.  To  allow  no  decwnpotntion  of  organic  nuitter  to  take  place 
under  conditions  favorable  to  the  propagation  of  unhealihful  infliir- 
ences. 

This  can  be  accomplished  by : 

1.  Water-tight  sewers. 

2.  Rapid  reception  and  conveyance,  together  with  effec- 
tual discharge  of  all  sewage  and  storm  water. 

3.  Proper  ventilation. 

A.   To  be  readily  accessible  in  all  its  parts. 
This  is  mainly  accomplished  by  a  sufficient  number  of  man- 
holc^s  and  lamj>-hole??. 

c.  To  be  built  with  a  unifonnity  of  design,  ami  in  tlie  best  prac- 
tical manner, 

d.  To  be  designed  with  reference  to  econ&iny  of  first  cost  and 
maintenance, 

BRANCH   SEWERS. 

Our  branch  sewers  have  a  clear  diameter  of  three  feet,  and  are 
originally  circular  in  form.  They  are  built  with  a  four-inch  ring 
of  brick,  the  invert  being  usually  laid  drj'  and  the  arch  built 
with  lime  mortar.  After  several  years  they  are  found  to  be  more 
or  less  elliptical,  the  long  axis  being  horizontal,  which,  when  well 
built,  should  not  occur.  If  the  ellipse  is  too  flat,  then  the  arc»h 
falls  down.  If  it  does  not  come  to  this,  it  has  a  form  which 
gives  for  the  usual  flow,  a  large  surface  of  friction  for  the  amount 
of  water,  precisely  the  opiK)site  of  what  is  desirable  for  a  perfect 
sewer,  as  the  velocity  is  thereby  diminished  and  a  deposit  gene- 
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ndly  caused.  As  the  bricfe  in  tlie  ^wer  are  not  liiid  tai'efully, 
the  gidcs  are  very  rciugli,  whit h  inii^airs  the  vekxitj-  of  the  flow 
aful  allows  solid  iiartieleti  to  adlieit*  uikI  diH.H>miM)p^e ;  nnd^  in  sfnae 
f^tseei  the  sewer  retains  siiflieient  wilid  matter  to  fill  np  and  rtHiiiire 
nmjiiial  labor  for  cleaiiing  it. 

There  has  been  no  ssystematie  provimon  for  veulilation,  Ani*>ng 
all  the  devices  fur  tliis  piir[K)iHe,  none  seeiUK  to  uuj^wer  lK.»tter,  i>n>- 
%ided  the  sewers  are  projKTly  inaintiiinLHl  and  kept  rleaii,  tliaii  to 
have  frequent  opejiings  into  the  .stride t*,  for  the  free  eiitnuKv  and 
eatit  of  uir.  But  our  man-hok^,  built  at  inter\'al^  i>f  from  'IW 
til  4CN)  feet,  re^piirt'  tight-fitting  tmstHron  liiK  Ihx^iu-w*  of  the 
stench  generated  in  tlie  sewers  on  aeeount  of  their  inijierfeet  eon- 
dition. 

The  e<>nnet*tion!i  of  the  house  dmins  with  the  sewer  an'  made 
by  the  phimbers.  The  eity  reservee  the  right  to  insiM^n  the  ctni- 
neetions;  but,  judging  fn^m  the  taet  that  by  far  the  luost  break^^ 
in  c»ur  small  .viewers  ott-ur  jinrit  where  isueb  i^cjimiftiiai*  ha\'e  l>eeu 
put  in,  thii*  alijci  mnuot  have  been  done  very  perfectly* 

We  see  timt  the  lufm  iniinK'tant  *)f  the  above  reipLinMueiits 
have  not  Inmi  fulfillwl.  Our  .st'wei>i  are  not  water-tigbt,  Ijut 
allow  sewage  to  sotik  into  and  |K*iietnite  the  ^hjuikI  iiLsteail  of 
taking  it  away.  Tlie  flat  bottimi  antl  the  rougluicsjw  of  tlie  i^ides 
n^lut*  the  veloelty  (Niu-'^iilenihly,  whieli  either  |)i*eveut?<  the 
nvniiival  of  the  ^^wage  l>efore  de^HinijMwition,  or  aetnally  niunes 
a  ile]K)Bit« 

There  ij^  no  veutihition,  no  iugix?8S  or  egress  of  air,  exee]>t  l)V 
toreing  the  impt?'  that  lead  into  our  dwellings.  They  are  nut 
built  in  the  ba^t  pmetitml  mamier,  nor  with  reference  to  the  e*jet 
of  maintenance.',  whieh  hits  kn-u  immense.  About  $100,<XM>  are 
%xmrly  ex(H^iideti  to  keep  our  se wet's  in  rt^jmir, 

I  will  now  trj'  to  show  that  a  system  of  pi|>e  .sewers,  twelve 
pd  fifteen  ineht^  iu  diameter,  would  answer  the  al«jve  R'i[Uin*- 
aenti^  in  a  far  greater  degree,  Enginef^n^  have  until  recentlv 
preferreil  to  buihl  si*wei>  very  lai'ge,  so  that,  as  hjis  often  l**/en 
said,  there  will  l>e  a  eliance  for  c*oiisidenible  depos^it  and  still 
ejiough  room  for  the  water  to  fliiw.  But  this  is  lu  opp4>8itif>n  to 
the  tirwt  and  priuei^ml  recpiireineiit  of  a  |>erfeet  st^wer.  It  should 
nut  be  a  sewer  of  depoeit,  but  shoukl  (convey  the  i^wage  a^  rap- 
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idly  2ifc«  |X)88ible  to  the  place  of  its  final  discharge.  The  fikct  now 
recognized  is,  that  all  increase  of  size  above  the  required  capa- 
city, i^i  an  actual  injury^  because  it  diminishes  the  scouring  power 
of  the  <'urrent  and  increases  the  amount  of  space  to  be  ventilated. 
Twelve-  and  fifteen-inch  piix»  have  more  than  enough  capacity 
t4>  take  away  the  heaviest  rainfall  in  our  city  for  a  length  of  sev- 
eral wjuareti.  The  whole  city  of  Saratoga,  including  the  drain- 
age area  (»f  a  small  run,  has  been  effectually  drained  by  a  single 
three-feet  sewer.  As  the  requisites  of  quality  and  strength  of 
vitrified  pipes  are  now  so  well  understood,  failures  occur  very 
rarely,  if  ever,  as  long  as  proper  skill  and  care  are  exercised  in 
laying  them.  They  are  extensively  used  in  the  best  drained  cities 
of  the  world.  As  it  is  entirely  practical  and  even  economical  to 
lay  pipes  in  a  [perfect  manner,  it  cannot  be  urged  as  an  objection, 
that  they  have  occasionally  failed  from  improper  construction. 
The  main  advantages  are  as  follows : 

1 .  They  are  water  tight  when  properly  jointed  and  bedded. 

2.  Owing  to  their  smoothness  they  will  rapidly  receive  and 
convey  all  sewage,  when  they  are  carefully  laid  to  the  proper 
grades  and  cur\'es.  They  will  admit  of  a  smooth  and  neat  con- 
nection with  the  house  drains,  thereby,  likewise,  increasing  the 
vekxjity. 

3.  They  can  be  properly  ventilated.  At  present,  the  prevail- 
ing opinion  among  sanitary-  engineers  is,  that  all  sewers  should 
have  free  commimication  with  the  atmosphere  as  oflen  as  pos- 
sible, through  open  man-holes.  The  oftener  the  air  in  the  sewer 
can  be  replaced  by  a  fresh  supply  the  better.  The  man-holes 
being  of  the  same  size,  a  12-inch  pipe  would  stand  a  much  better 
chance  of  having  its  air  renewed,  as  it  contains  only  one-ninth 
as  much  as  a  three-feet  sewer.  As  the  flow  is  more  rapid,  it 
would  draw  the  air  with  it  and  help  the  exchange.  As  there  is 
a  quicker  discharge  and  a  smaller  surface  exposed,  the  sewage 
will  be  less  liable  to  decompose  and  vitiate  the  air. 

4.  They  can  be  readily  accessible  when  properly  built  and  pro- 
vided with  man-holes  and  lamp-holes. 

5.  There  is  no  experience,  so  far  as  engineering  is  concerned, 
that  prevents  them  from  always  being  built  in  a  perfect  manner, 
that  is,  with  r^ular  grades  and  lines,  with  perfectly  tight  joints. 
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ancl  vrith  such   foiindHtiong  t&  will   make  an  uneven  settlement, 
hrenJdiig  the  pipers  ur  jointtt,  ven^  rarCj  if  not  impofisible* 

B.  They  are  at  presijent  clieajier  than  three-feet  brick  sewere. 
The  i**mt  nf  maintenance  woukl  be  much  Ic^ss.  and  thcv  eon  Id  lie 
thorim^hly  ck'sintHl  hv  a  j«tream  of  water  from  a  fire-plug. 

Main  sewers. 

The  hti^t  [Kirt  of  tlie  tiubjeet  i.*  the  ii^nBideration  of  the  main 
M»wer5S,  whk'h  finiJly  cMinvey  the  i^ewage  to  the  rivers*  By  rega- 
laitktn,  the  sise  of  n  main  t*ewer  mni<t  iw  sufficient  to  enable  it  to 
cliiK.'li&rgf'  an  Jimount  of  gtorm  water  ecjual  to  a  rain-fall  of  one 
iDcb  per  hour.  The  <tinj!*e«|iieni^  is  that  our  sewers  are  extremely 
hif|B^^  and,  m  I  believe,  they  mn  be  ^hown  to  be  entirely  too  large. 
The  maUer  i**  a  ^rioiu*  one,  as  it  involves  a  |rrmt  expenditure  of 
nicmey.  If,  fur  example,  the  pniviHion  for  a  lialf-inch  rain-fall 
wotilfl  lie  anif^le,  the  ttost  of  the  *^wen*  of  our  city  would  b*» 
tlimini^he^l  several  millitms  of  dollars. 

Mr.  C'hesbroughj  of  t^hiuigt^j  say.s  that  in  England  it  is  the 
prat-tifflc  to  allow  for  the  discharge  of  half  an  inch  of  rain  togethej 
with  the  grttitt^^t  amount  of  sewa^je.  He  jukk,  however,  that 
tbii^  nde^  which  is  also  extensively  applied  in  the  IJnited  States, 
he  rnotlific^l  in  atvijrfknee  with  tlie  kn^id  cirt^umstanee»  that 
bear  up<m  the  cfu^%  an<l  if  dtaibt  should  exiat  let  the  chances  of 
*»rror  b**  in  fsivtir  of  lilieral  sizt^,  but  avoiding  extremes, 

li**<t<jn.  Providence,  New  Y(»rk  and  Philadelphia  have,  act!Ord- 
ing  Ut  the  Smithsonian  C'ontribntionSy  al>ont  tlie  same  min-fall 
at  the  time  the  heaviest  showers  occur,  and  would  therefore  seem 
to  requiri'  nearly  the  same  capsicity  for  their  sewen**  In 
llo^oii  the  aewers  that  were  cidculated  for  one-half  inch  of  rain- 
fall have  Ijeen  found  sjitif!jfaf.*tory.  In  PrfWidence,  which  has  the 
h&^  drainage^  syi^tem  in  the  United  States,  they  allow,  after  long 
aod  tureful  examination,  for  a  little  over  one-half  of  an  inch  of 
min-fall,  and  are  perfectly  well  f^tisfied.  In  New  York  they 
cak^late  for  one  inch.  But,  were  the  city  not  »*o  peculiarly  situ- 
mtedi  beiog  a  long  narrow  strip  of  ground  l>etweeri  two  rivers, 
irhjch  giv€s  but  small  drainage  areas,  and  <»oiise<]uently  compar- 
atively small  and  inexpensive  .sewenj,  their  uttention  woidd  likely 
hav*e  been  drawn  to  tlie  subject  more  closely  on  actKJunt  of  the 
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vast  expense.  CharlcH  H.  Haswell  says  of  New  York  "  that  the 
entire  sewerage  of  the  city  and  the  drainage  of  its  suburbs  is  at 
variance  >vith  propriety,  opposed  to  the  advancement  of  the  citj' 
and  the  interest  of  its  inhabitants,  at  variance  with  the  science 
of  engineering,  productive  of  disease,  etc."  It  can  therefore  not 
l)e  a  model  worthy  of  imitation. 

In  Philadelphia  we  also  calculate  for  one  inch  of  rainfall  to 
reach  our  sewers.  The  drainage  areas  being  very  large,  the 
sewers,  therefore,  become  immense.  Ijeaving  out  the  basins  of 
the  Wissahickon,  Penny|)ack  and  Tacony  creeks,  containing 
respectively  about  43  000,  23  000  and  35  000  acres,  which  can-^ 
not  be  turned  into  sewers,  we  have  the  Mill  creek,  draining  about 
3  000  acres,  requiring  a  sewer  20  feet  in  diameter  for  about  two 
luiles  in  length ;  the  Hart  creek  sewer,  which  drains  about  2  0<K)' 
jicres,  is  to  be  13  to  16|  feet  in  diameter  for  about  two  miles ; 
the  Honey  Run  sewer  will  drain  over  4  000  acres,  and  at  six 
miles  above  its  propable  outlet  has  already  a  diameter  of  14  feet,, 
and  so  on.  It  can  readily  be  seen  what  stupendous  works  we 
have  in  prospect  Roughly  estimated  we  shall  need,  at  lea^t, 
three  millions  to  provide  for  main  sewers  probably  becoming 
necessary  in  the  next  t>\'ent\'  years.  How  important,  therefore,, 
is  the  question  of  size ! 

From  personal  observations,  I  believe  that  we  have  never  ha<I 
a  shower  sufficiently  heavy  to  fill  any  of  our  largest  sewers,  pro- 
vided they  were  not  tide  locked  and  otherwise  improperly  built, 
except,  perhaps,  at  the  entrances,  where  the  water  is  naturally 
dammed  up. 

Experience  tells  us  that  only  a  portion  of  the  rainwater  finds^ 
its  way  into  the  sewers ;  the  rest  is  either  evaj)orated  or  absorbed,, 
especially  when  we  have  the  heaviest  storms. 

We  also  know  that  it  takes  considerable  time  for  the  rainwater 
to  reach  tlie  sewer  and  to  flow  through  it,  the  storms  generally 
ceasing  in  the  mean  time.  Mr.  Roe,  of  Ix)ndon,  found,  when 
one-half  inch  of  rain  fell  in  three  hours,  the  effect  of  the  storm 
in  the  sewers  had  not  ceased  for  12  hours. 

Recent  investigations  have  shown  that  the  capacity  of  small 
channels  is  greatly  affected  by  the  (character  of  the  wetted  peri- 
meter :  that  a  very  smooth  channel  may  carry  as  much  water  as 
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a  N'lTV  miigh  oiii?  of  ueurly  twifu  tin*  skt\  By  n  Ix^ttor  da^^  *'r 
t^itLstrurtion,  tLcrefon>,  a  great  stiving  ci>uld  l>e  ubtainctL 

Final Iv,  a-*  main  ^weD<  an?  niasi^ive  iumI  ^troiig,  tliev  wiiM 
siaud  a  iHirteklerahle  ii[»wanl  prej^urt'^  in  tu-^  they  nhouM  In; 
^tirniilott^lv  lilled  hv  an  t*xtraurdiTjarv  !?hower. 

Frum  all  tht^?^  factSj  it  is  evident,  I  believe,  that  we  eould  reduce 
the  size  of  our  main  sewersi  nciirlv  one-half,  without  running  any 
risk.  And  if  tiierr  should  Imj  some  damage  to  [my  iK.H-jU'^ionally 
fcir  the  douding  of  a  few  (cellars  (whieh  if^  not  even  probable  if 
^ift^uardji  are  pnvvidfHl)^  if  would  1m?  an  in^igtufinint  amount 
•eom[janHl  with  the  intereM  on  thciupital  iuve.*ited  for  an  iuereased 
jdztj.  Here,  also,  it  may  be  ^id :  the  smaller  the  i^wern  the  easier 
it  is  to  ventilate  them,  and  tlie  greater  will  be  the  ve]<^?ity  fur 
tht*  f^uii*  amount  of  sewage,  and  the  more  effwtual  the  diwliarge. 

TIn*  Mfi/K  <»f  our  main  *?c*wers  is  eirindar;  (KTa^ionally  they 
liave  a  Hat  l>ottum.  Theru  should  be  a  proper  cUstinetion  made 
in  the  dt^^ign  bttween  arch  and  invert.  The  arch  must  resist 
^*xternal  pre^ure,  and  the  iseienee  of  statics  gives  ruajdily  the 
be^t  form  for  any  eonditiiaiw.  The  earlier  sewers  have  not  been 
sati^fiu^tori'  in  thi^  ressiMx^t.  Only  tho^  built  during  the  last  two 
-or  three  yeiin*  have  an5*weretl  the  requirements  of  stability  and 
giMxl  workmanship. 

In  dt^igning  the  shape  of  the  inrerif  we  should  Ijti  g^iverne<3 
by  another  element,  A  eertain  minimum  velocity  i.H  required  in 
all  Hewer*  that  arc  to  l>e  seltVleiuising,  and  when  we  decrease  the 
wetted  |ierinieter,  in  pn>|K^rtion  to  the  sjcetional  area,  we  increai^e 
the  veloeity.  In  the  ^tis^^  of  sewers^  whieh,  lietween  the  rain 
siornis,  have  only  a  small  stream  flawing  in  them,  we  should 
iiii^ipe  to  thi&  mininuni  quantity  the  greatest  velocity.  This  ean 
be  done  1x^1  by  tJie  egg-shajje*!  seetionj  whieh  is  extensively  allied 
in  the  l>a^l  draineil  cities,  and  answers  admirably.  In  Phtladel- 
j>hia  it  has  not  liec^n  used.  The  bad  resultis  from  thiH  euRtom  can 
Iw*  4i!ps*tvih1  in  many  uf  our  sewers, 

Vnifiktihn  has  not  yet  Wu  intrfxlueed,  and  it  is  indeetl  a  very 
4liffii<4ilt  s*ubjeet.  Small  pipes  are  t^ui^ily  ventilated,  but  large 
^*wer^  seem  to  retjuire  some  artificial  assintanee.  The  subject  m 
41^  yet  in  it*s  iptancy,  and  the  opinions  and  ex[>erienee^  ditter  ao 
iDUeb  tliat  it  f^'cins  impossible  at  present  tu  form  a  fiatiaiactoiy 
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judgment.  I  will  only  state  that  in  London  large  ventilating^ 
tihaf^B  proved  a  failure,  and  in  Frankfort,  the  best  drained  city 
in  the  world,  they  have  been  reported  a  success.  A  rigorous 
study  of  the  details  however,  may  lead  to  some  satisfactory  con- 
clusion. 

Having  hastily  reviewed  the  main  points  of  a  very  extensive- 
and  for  us  very  important  subject,  it  will  be  seen  that  it  needs, 
sincere  and  early  attention  and  study ;  but  more  than  that,  it 
needs  action.  Much  has  been  said  by  physicians  and  engineers^ 
but  almost  nothing  has  been  done. 

We  hear  continually  something  said  about  our  bad  drainage^ 
but  few  seem  to  know  just  where  the  technical  imperfections  are. 
It  appears,  that  the  actual  facts  about  our  whole  system,  in  its. 
construction  and  in  its  workings,  have  not  been  rightly  imder- 
stood. 

As  I  have  given  the  matter  some  study,  and  as  it  seems  to  be 
justly  of  general  interest  to  the  community  at  present,  I  thought 
it  a  seasonable  subject  to  present  to  you  this  evening. 


III. 


BEARING  PILES. 

The  Principal  FoRMULiE  for  their  Sustaining  Power. 

By  R.  Herino,  C.  E.,  Member  of  the  Club. 

Read  March  16,  1878. 

Owing  to  the  diversity  of  opinion  among  the  authors  of  text 
and  pocket  books^  about  the  most  reliable  of  the  various  formula 
for  the  sustaining  power  of  piles,  the  practical  engineer  often 
feels  very  uncertain  which  of  them  to  use,  and  therefore  adopts 
sometimes  unreasonably  high  factors  of  safety,  at  the  expense  of 
economy,  to  guard  against  a  possible  deficiency,  or,  on  the  other 
hand,  occasionally  meets  with  failures. 

In  order  to  see  more  clearly  into  the  relative  merits  of  these 
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fofmulie,  I  vxanuiietl,  aei  far  a^  |K*HKibk%  the  ori^inul  wi»rk>  and 
\mp^ts  in  wliit'h  thev  wen*  firt?*eiitetl,  ami  ftmiKl  tliut  by  prtj|*erl/ 
atialyzitig  and  oom)iarm^  tht*rn  niaiiy  of  the  dim?re|niiiH  it«  dbiii)>- 
pa»ed,  aiwl  a  t>ettcr  jud^ineiit  iif  their  n^pLvtive  vahie?*  njiild  W 

The  followiug  i^  a  lirief  iKx^miit  iSi'  the  rewult*^  ijf  my  ooni- 
fH&ri^citi.     The  emnph^e  table^i   with  ft>riiiulie^  iiunit^riml   valueai, 
fU-,,  are  lieiJig  piihlii<hed  in  piimphlet  tbriii  by  Getirgt*  H.  Fnjeit> 
l*jdiU>r  Entfhtt^ennt/  Xetrfi^  t'hicagi>, 
ft  Willie  if^lleetinf^  the  fornudte  1  nlm  extnuted   th**  iijiiiiii^'w 

■  aiid  experient-e  of  the  authors,  whenever  given,  otJ  nuitteni 
lielanging  ruiint  or  Iti^  to  the  j^abjet^t,  Tliese  are  ^unnuet.!  up 
tm  follown: 

"  Nearly  iiU  authnritie?*  ^ay  that  a  tn'u^ff  mm  with  a  ishort  fall 
m  niueb  to  Ije  prefern:^!  to  a  light  one  with  a  huig  falb  Any 
in**Tt^si*  of  fall  iMyoiid  4f)  feet,  even  in  the  Ixr'i^t  niaehhn^,  j^ive 
nil  in<*n^Lsc  of  |H.metnition  in  the  sandy  8i»il  at  the  HrrMiklyii 
Navy  Yard.  8onie  think  the  weip^ht  of  the  ram  should  ix*  in 
[)fo|i«irtiot]  to  the  icetional  area,  otben§  U)  tlie  totid  wei^lit  i»f  the 
pile.  Bwker  oaiehide?^  from  a  theoretical  examination,  that  the 
tin**t  ei.'iinomind  wei^lit  of  a  mm  is  CHpial  to  the  weij^lit  of  tht* 
pile.  C  >nl i nu ri ly ,  \ n les  f ri >m  1 0  t4 ►  14  i n eli es  i n  d iatnete r  are  d ri ven 
with  mills  woifjhin^  1,2(M)  tr>  2,000  Ibn. 

**  It  has  l)cen  oliserved  that  quick  hfown  with  a  heavy  mm  giv« 
a  greater  penetration  at  a  less  €x|>€nditnre  of  jKnver  than  j^jIow 
blow8  with  a  light  mm.  In  mnd  or  silt^  blowF^  should  follow 
mpidly  in  onier  to  prevent  the  gmund  fnini  i?*ettling  around  tlie 
pil<*  lif'ftrn*  thf*  next  blow  of  the  nmL 

'*(>n  mviiunt  tii  the  many  nne*!rtaintie?^  in  (*<inTieetion  witfi  [kK^, 
n  milf  mfinfui  of  Mtrfd^  Is  ret*oniniend€*d  hy  all  anthijritier?,  at  leiiMt 
for  in]|Nirtant  (11M&4.  It  it^  mimetimes  impti^ible  to  tell  how  mtieh 
(if  itie  Hu>itainLng  indue  to  !t*j?olid  li<ittoni;  and  imw  nnieli  to 
frietiijn  alone.  Then?  i»*  ot^en  no  giuinuUw  that  a  pile  uill  not 
itetdily  sink  ini<ler  a  hc^avy  quie^^^nt  pren^ure  apj>liiHl  t'^mtinu- 
mmly  and  uim^mittingly,  when  it  withstcK»d  [RTfw'tly  a  eorn^ 
Bpondini^  sudden  blow  ot*  the  nini.  This  may  Ik?  feannl  4'S|>ei"ially 
in  cla\>i.  The  vihmtion?^  of  the  ^^trueture  may  in  time  jmNhu^ 
unexpefTtcil  sett  1  em  en  ts^  or  when  ix^rtain  elayey  s^nls  l.MH'<n]ie  very 
wet  juljoining  the  pile!*»  thereby  lessening  the  fri<Hion,  On  the 
other  hanil,  then*  are  eireumHtant\>i  whieh  tend  to  inei\*iLse  the 
strength  afti-r  a  hxyrn';  of  time.  Tlie  8orl  iK't^veen  the  piles  sonie- 
timt«,  eftiKjeially  il'  aandy,  becomes  more  it^nipiet  lUid  incnausts* 
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the  friction,  and  often  the  soil  itself  will  (arry  a  considerable 
}K)rtion  of  the  weight. 

'^  It  in  the  general  opinion  that  piles  should  never  be  less  than 
<i"  in  diameter  and  rarely  over  18",  and  that  the  diameter 
.should  not  1k»  less  than  ^th  of  the  length,  unless  the  soil  is  ven" 
.stiif. 

"  Many  writers  give  the  nearest  distance  which  piles  should 
be  apart,  as  2J  feet  from  center  to  center,  because  large  piles, 
€sj)ecially  when  driven  closely,  will  force  each  other  up.  Should 
this  ever  be  feared,  then  the  piles  ought  to  be  driven  with  the 
butt  end  down,  conuueneing  at  the  center  of  the  area  and  work- 
ing toward  the  sides.  The  ordinar}'  distance  is  3  feet  apart;  for 
light  work  it  is  from  4  to  5  feet. 

"  Elm,  spruce  and  oak  are  considered  the  best  materials  for 
piles. 

*' Becker  gives  the  most  economical  weight  of  a  ^punch^  or 
^folloinr^  as  1   w+p  lbs." 

Most  authors  designate  two  distinct  classes  of  bearing  piles. 
The  first  consists  of  those  which  are  driven  to  a  ijerfectly  solid 
foundation,  and  act  as  pillars  or  columns  of  support,  and  which 
are  designated  by  the  name  Columns,  The  other  class  consists 
of  such  as  derive  their  supporting  power  from  the  friction  of  the 
material  through  which  they  pass.  These  alone  are  properly 
called  Piles.  The  formulae  are  necessarily  based  on  difierent 
principles  and  must  be  considered  separately. 

Columns. 

The  values  for  the  safe  load,  when  the  pile  acts  as  a  column, 
is  given  directly  per  square  inch  sectional  area  as  follows: 
Kankine  &  Mahan,  1000  lbs. 
Perronnet,  786  to  990  lbs. 

Stoney,  ^  of  the  crushing  weight  of  the  timber  when  dry. 
As  these  values  sometimes  ascribe  a  much  greater  bearing 
«i|>jicity  to  the  piles  than  when  friction  alone  is  the  supporting 
j)ower,  great  care  must  be  taken  in  applying  them,  remembering 
that  they  are  only  reliable  when'  resting  on  a  firm  foundation. 
( 'areful  judgment  must  be  exercised  as  to  whether  this  is  entirely 
or  only  jMirtially  true,  in  which  latter  case  a  proper  allowance 
must  hi'  made. 

It  should  also  lx»  remembered  that  the  above  values  are  safe 
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<Tii;^ing  rvi?iBtatKi«&  of  wcmkI  wittumt  rt'gurd  iu  lenj^h  of  *^iK 
u  in  IIS*  Tlieri^fort'  tliw  <«ii  only  Ik*  viilid  when  tlie  gnuiiid  m 
siitfieiently  t-oriipttct  to  prevent  lateral  flexure  of  the  piles; 
4*thi*ns*tie  the  re<luetion*^  lu^eessiiry  for  *  long  eolunin>i'  must 
\m-  nimle* 

If  the  eohiinu  has  been  driven  to  a  jjertWtly  mlh\  foundation, 
flu-  following  fonnnUi  niiiy  Ix*  ii?*eful  in  a,^fertaining  what  weight 
^tf  ram  will  hv  necf?sH!iry  ihr  a  given  tall^  or  what  fail  for  ii  given 
weijjhtj  to  tTiniprtw  tlie  material  of  the  pile  to  itf^  limit  of  ela^- 
tieity,  btyoTid  which  it  should  never  be  ^strained  by  the  blow  of 
thv  mm : 

H  '  ht    f  t*  11  —     ^*"  area  X  length    .     Co-etf.  of  ela»^tietty- 
2  X  Weight  of  ram       Mmhilus  of  ela^iticity 

For  m4>st  kiuds  of  timJ>er  it  will  suiiitx%  to  my  : 

Height  of  fill!  =  405  ^'^t. anm  X  kngth 
Weight  of  ram, 

PJLfX 

A!I  formulae  developed  from  purely  theoretical  *4pecailatioiis 
f^srditig  tlie  resititancse  of  the  fVietioual  i^urfajoe  of  the  pile  in 
the  ground,  and  of>ntaining  oertain  eo-effieient*4  for  tJifferent 
iprulitif^  of  t^rthj  have  lieen  oniitttnl,  }i^  tlie  only  method  wliieh 
4un  Ik*  def^ended  on  in  tmleulating  the  suntaining  jwnwer  of  pile^ 
iield  liy  frietion,  i:^  the  experimental  one,  whieh  intnMluecw  tlie 
actual  I  diwtant^  which  a  pile  ninks  under  the  hi*it  bh^w.  (July  the 
fitrmulR*  based  on  thiR  method  have  lieen  collected  and  from 
iitithofw  well  de!*erving  our  et^ntidencc.  For  the  ]>urpo8e  of  tx>m- 
ji6trii«f>n  they  were  arnmged  into  two  groufKS  ;  the  tirsiit  wmtain- 
ing  thtKSc  which  are  derivet!  by  theoretical  rea^ming^  and  «ul>di- 
vtilt^l  into  HiU'h  that  cc^n^ider  or  neglect  the  eomprcMgibility  of 
the  pile,  and  the  setHjud  t*i>ntaining  tluje^  whit-h  are  derived  fn>ni 
*ir  veriiietl  hy  experinientH. 

An  the  fiictor  of  safety  in  eiwh  tormula  indiaite^  solely  a  per- 
^rtiiil  jmignteiU,  and  ha^  nothing  lu  do  with  the  formula  itfself, 
lint  tuainly  lui  it  eauf^e?^  large  diifercnccH  iKlweim  stime  formula?, 
it  hsp*  hen?  been  taken  tnit  and  given  8epanitely»  They  show  a 
l^reaU  irariet\*  of  opinion. 
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Bankine  gives  i  to  -j^,  according  to  the  character  of  the  work. 

Weisbach  gives  ^  to  yj^. 

Trautwine  gives  i  to  ^. 

Redtenbachery  Brix  and  Becker  give  |^  to  ^. 

Sanders  gives  J  to  I,  the  latter  for  heavy  structures. 

Mason  considers  j^  sufficiently  safe  for  ordinary  work. 

Nystrom  gives  J^. 

McAlpine  gives  f  when  there  is  no  danger  of  vibrations  of 
the  structure  being  communicated  to  the  piles,  otherwise  he 
recommends  ^. 

A  series  of  numerical  values  of  extreme  loads  (not  considering 
the  factor  of  safety)  were  calculated  with  each  formula  for  ram* 
weiring  2,000,  1,000  and  600  lbs.,  each  falling  30, 10  and  6  ft. 
A  glance  over  the  results  as  thus  obtained  will  show  the  general 
tc^ndencies  of  the  formulae  to  be  as  follows. 

Oonmdering  the  eompremibility  of  tlu^.  pile  are  formulse  of 
Kankihe,  Weisbach,  Brix,  Becker  and  Kedtenbacher.  For 
light  rams  they  are  all  practically  alike,  except  the  one  of  Red- 
tenbacher  which  is  very  much  the  safest.  For  heavy  rams.  Ran- 
kine  gives  the  greatest  sustaining  power ;  then  Weisbach  and 
Redtenbacher;  Brix  and  Becker  giving  the  least 

Neglecting  the  compreasibUity  of  the  pile  are  formulas  of  Nys- 
trom, Brix,  Becker,  and  two  of  Weisbach,  which  are  identical 
Mrith  those  of  Sanders  and  Mason.  All  except  Brix  and  Becker's^ 
which  appears  unreasonably  safe  when  compared  with  the  rest,, 
run  nearly  parallel  in  their  values,  Nystrom's  being  the  safest, 
then  Weisbach — Mason's  and  finally  Weisbach — Sanders'. 

Derived,  from  aiirf  verified  by  experimenUt  are  formulae  of  San- 
ders, Mason,  Trautwine  and  McAlpine.  For  a  high  fall,  Traut- 
wine's  is  the  safest ;  next  are  those  of  McAlpine  and  Mason ; 
Sanders'  gives  about  three  times  the  sustaining  power  of  Traut- 
wine's  formula ;  by  using  their  own  fa(i»rs  of  safety,  however, 
the  two  run  nearly  alike.  For  low  falls,  we  find  Sanders'  and 
Trautwine's  formulae  giving  nearly  the  same  results,  without  their 
own  factors  of  safety ;  Mason's  is  somewhat  safer ;  but  McAl- 
pine's  gives  negative  values,  which  is  absurd,  and  shows  that  its 
application  is  limited  to  high  falls. 

By  a  close  examination,  it  appears  that  the  following  formulae 
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i««m  to  deserve  the  preferen<H>  for  general  ai>pli«atioti,  tLs  \^m^ 
mk  imd  ooonomical  under  aW  orditiary  r^nditiom/ 
Ommdsrmg  mfiiprvsmhUUi/  of  pile, 

;w  h      \ 

N^gUsdiitig  emnpremibilUy  of  pile. 

Webbich  ^  Ma^m :  L=F-  "^^ 

ipler^  though  not  quite  m  wttfe^  in 


h{w+p) 


Weirf)«w!!i  -^  Sanders :  L=  F  — 

Jt 

All  vmtti(«  of  L  should  never  txix^  the  mifi^  (Mushing  ftisint- 
Afioe  of  the  pile* 

Finally,  the  imp*>rtjifioe  of  the  value  of  the  fa^ct^ir  (>f  ^lifoty 
nmy  be  seen  from  tlie  fiiet  tliat  all  of  the  formulie  tK»m[»ared^ 
exeept  one,  muld  be  imule  to  give  the  Miny  n^iilt  merely  by 
selecting  faeton?  of  safety  between  J  and  ^.  It  apfR'sirs,  by 
c-ompanng  the  opiuioti.^,  that  J  U}  ^  would  be  a  proper  value  for 
temporary  or  light  work,  and  J  t<i  ^  for  heavy  work,  e^i^ec rally 
when  piles  are  held  by  elay  or  Hubj*x*tetl  Ui  vibration!^.  The 
ex&a  values  lietween  thcf^t*  limits  uiu?it  be  determinefl  witli 
prferencc  t^j  the  cireunLstaiicx^  of  eaeli  l'^sq, 

^  L  =  Mfe  load  which  s  pile  cah  bmr. 
p  ^  ikctor  of  safely. 
w  ^^  weight  of  ram, 
p   ^  weight  of  pile. 
h   ^  height  of  fall  of  nim, 
i    ==  length  of  pile. 

«    ^  diKtAnee  which  the  pile  Hirik^  under  the  laHt  hldw. 
n   ^  tiectiotiitl  aren  of  pile. 
E  s=  modal ai  of  ela^^t icily  of  the  malerial  of  the  pile. 
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IV. 


ON  THE  PROPOSED  REMOVAL  OP  SMITH'S  ISLAND. 

By  Prof.  Lewis  M.  Haupt,  President. 
Read  AprU  2f)th,  1878. 

The  coiumcmal  interests  of  Philadelphia  have  developed  to 
such  an  extent  as  to  create  a  demand  for  greater  wharfage  facili- 
ties with  deeper  wator ;  and  that  («real8  and  merchandise  may 
\k'  delivered  without  too  many  handlings^  it  is  advisable  that  cars 
should  I>e  run  immediately  alongside  the  vessels  to  be  laden.  To 
Aci'omplish  this  it  is  proposed  to  lay  tracks  on  Delaware  avenue, 
alreiuly  t<K>  narrow,  and  to  make  provision  for  the  space  thus 
occupied  by  extending  the  Port  Warden's  line  farther  out  and 
thus  wntract  the  river  channel,  now  only  about  800  feet  wide  at 
the  narrowest  part.  Several  of  our  largest  shippers  have  requested 
jKTmission  to  extend  their  wharves  several  hundred  feet  Were 
this  to  be  allowed  in  a  few  isolated  cases  it  would  introdace  dan- 
gerous barriers  to  navigation,  and  if  an  advance  be  made  all 
along  the  line  it  would  seriously  contract  the  channel,  unless  a 
)M>rtion  of  Smith's  Island  can  be  removed. 

The  pn)jec*t  is  by  no  means  a  physical  impossibility,  as  much 
larger  deposits  have  been  successfully  taken  away.  The  work  of 
improving  the  river  Neva  in  Russia  is  one  of  far  greater  mag- 
nitude, &s  the  following  clipping  from  the  Ledger  witnesseth : 

'^  Following  the  large  order  from  Russia  for  Philadelphia  loco- 
motives (X)mes  the  information  that  the  Russian  (jovemment  has 
just  concluded,  tlirough  Major  W.  R.  Bergholz,  a  contract  vnth 
the  Morris  &  Cummings  Dredging  Company  of  New  York,  for 
<leepening  to  a  uniform  depth  of  twenty  feet  the  channel  of  the 
river  Neva,  l)etween  Cronstadt  and  St.  Petersburg.  Twenty-five 
thousand  clollars  were  cabled  to  Russia  last  week  as  earnest 
money.  The  dreiking  'plant'  will  tx)6t  $200,000.  Most  of  it 
will  Ik'  constructetl  in  this  country',  and  will  be  on  hand  ready 
for  o|K»nition  on  1st  of  Mav  next.  The  quantitj'  of  mud,  etc., 
to  1)0  exmvated  is  estimated  at  15,000,000  cubic  yards,  and  the 
work  must  l)e  w>mpleted  in  four  years.  (The  contract  was 
obtiiiniHl  after  sharp  com[)etition  with  English  operators.)" 
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To  mdeji  the  Sliip  Channel  of  the  Delaware  River  1,000  fcH?t 
along  the  Smith's  Islani!  fn>iitj  and  t^j  ii  depth  (if  18  feet,  would 
HKiuire  the  removal  of  only  alxmt  S^OOOjiXK)  eiihie  yarrl^  i»f  matt^ 
ial,  at  a  ct^t  of  alKint  $l,tX)(J,(WX>, 

The  same  width  and  tlepth   of  i^hannel  may  Ho  olitainw!,  il" 

ired,  for  \em  than  -^^  the  coet  of  dreilging,  hy  a  c^arefid  rnljuxt* 
ment  of  the  re^inrnt  of  the  river  by  atixilian*  conj^triiftioii^  ?*ach 
^^  jettie^j  riii-ni|i8,  mmi  fearer  nr  l>»ttoniHhini.^.  Bcfiire  tht^* 
Btmctures  can  be  located  prec*isely,  it  will  l>e  ntn-es^ar}'  to  make  a 
rarefiil  examination  or  >-turvey  of  tlie  river  to  determine  it«  i^nr- 
fare  and  mean  velocity,  the  natim?  of  k^  \m\,  tt*^  orof^  j^.'etion, 
the  directionn  of  xiB  hank^  and  enrrent*^,  whether  Htmi^rht  or  stn- 
itoitH  and  it^  loni^itmlinal  do\y^,  Th*5^*  r|tiarititie?(  are  evidently 
functions  of  cac*h  otlu^r,  and  together  f'tmstituti*  what  is  known 
a?*  the  m/inw'H  of  the  river,  8o  mutually  de|)emleut  an*  they 
tliat  a  cliaoge  m  any  one  will  attec*t  them  all. 

The  tendenry  of  rivern  h  to  maintain  a  cn^nhtant  rfy/hant^  and 
thii!!  fact  is  the  key  to  the  dilution  of  many  problems  relating  tri 
river  improvement. 

AH  frt^h  water  flowing  thmugli  alluvial  de[M»4itH  carries  witli 
it  in  NiU^pen.^itin  more  or  le*^  t*arthy  matter.  We  find,  therefuitv 
a  nmtintial  tendency  to  dcpOf*it  where  the  vehwit)'  in  ietv^t^  and  U> 
isotmr  where  it  m  greatest,  and  this  mtvhaniail  action  «if  water  it? 

uxtajitly  pUBhtng  the  river  l)ed  downwards  to  tlie  nea.     It  ih 

inmted  that  the  '*  Mis«itisippi  animaUy  tnuLfpjrtw  to  the  Gulf 
a  voltinie  of  allusion  one  mile  square  and  241  feet  liigh,  weigh- 
ing over  400,000^000  toiL-^,  and  at  the  simie  time  it  [rnshas  over 
the  Imr  at  its  mouth  an  amount  etpial  to  ^^  of  that  8um/^  mak- 
ing altogether  o^^r  272,0(XJ,0OO  cubic  yards,  Thi^  h  far  beyond 
tlie  limits  of  our  present  niec4mnieal  pit*Hibilitics.  TIuih  the  river 
fttmt^hc^  its  nwn  motive  power,  gatiiering  up  its  load  us  it  rolls 
iilung,  and  dumping  it  at  the  end  of  it*^  counn^  i!ot  always,  it  is 
tmr^  jmt  where  it  i^  deterred,  unless  the  spi»t  In*  in<lictited  by 
defkip^iting  some  oh^truction,  in  which  tTa^*e  it  will  not  fail  to 
notice*  the  sign  "dirt  wantt^d  here/'  and  continue  adding  until  its 
rtffinien  h  re-established,  when  It  will  move  on  a8  betbre. 

JM  tm  a%^imie  a  stniight  length  of  river-l>cd  of  uniiVirm  *t<ihs 
^^'tiouj  a  certain  tijced  stage  of  water  and  inclination,  direi*tiim 
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and  natures  of  bed,  and  we  will  find  the  diaehargc  will  be  cdd- 
^taiit,  or  the  wnter  nod  \t^  sugpended  eartliy  particlof^  will  move 
<m  witli  a  uniform  vcducity,  uome  l>eing  depuBitetl,  it  is  true,  whilfT 
others  are  pushed  along  or  gathertKi  up ;  but  tht'  mean  velocity 
-of  the  j^imbiik  reprei^ieiiLing  the  wave  front  will  remain  imilbrm. 
So  NHin,  however,  juti  the  above  relatione  art*  disturbeil,  tlie  effect 
tjeeomeB  at  once  numifest.  Suppose,  for  example,  tlie  vnym  uec- 
tion  be  increiised ;  the  velo<4ty  would  be  rechiecHl,  and,  wtnge- 
<juently,  the  tarrying  and  i^oouriug  capanaty  l>eing  limited^  depo- 
&ifci  would  bi"  fVirmed;  or  if  a  l>eud  be  introdm.'ed,  it  would  retard 
the  thr«adi4  of  the  current  on  iu<  ^ide  of  the  Htream,  while  thoee 
<^f  the  o[>pot4iU*  side,  flowing  i'aj^t€*r,  mu8t  return  to  fill  the  vaeuuin 
which  would  otherwise  Ik*  ermtc^l,  and  thu**  be  tlniwn  over  t*:*wanJb 
tlie  bend  to  recjeive  a  new  impuke  from  the  inner  threiwk,  and  by 
the8t^  i^>n8tantly  retnuring  difterent^ss  of  velocities  ctinae  the  allu- 
vium to  be  |»reeipitat^. 

Again,  should  one  i^tream  intercept  anotlier  of  hmen  volume, 
tlie  mouth  of  the  latter  would  betxime  ehokecl  up  with  a  h^,  in 
"(■ont^xpientt*  i\f  tlie  retluce<l  velocity  of  ir^  eurrt^ntii,  wbieh  mill 
then  i^pi\!ai]  out  laterally  in  the  eflbrt  to  maintain  a  (constant  dis- 
<!harge,  and  mj  form  deltaic.  For  thk  reaKjn,  I  do  not  believe 
the  improvement  at  the  Soutliwe^t  Pase  to  be  a  permanent  one, 
The  effect  will  ultiumtely  be  t**  elongate  tlie  bar  into  the  deej>er 
water  of  the  GiUf,  but  the  extension  will  be  8o  gradual  that  the 
■expt*nwe  of  uiaintaining  an  ojHai  channel  will  t>e  ver>'  silight. 

On  tlie  other  hand,  any  tiling  tending  to  reduce  the  crotsfc^  nec- 
doo  and  io  increase  the  velocity  or  discharge  will  produce  a 
Hcour^  and  unlets  the  lied  be  of  rock  or  hardpao,  will  deepen  or 
widen  tlie  channel.  Such  contraction  may  be  aecompli^hed  in 
two  way*^,  either  laterally  by  drawing  in  one  or  both  banks,  or 
vertically  by  tilling  up  the  bottctm  to  a  limited  height.  As  a 
i-onHeciuencc  of  tlie  principles  just  enunciated  we  will  find  in  an 
alluvial  bed  that  where  tlie  distance  between  the  bank^  \b  least 
the  channel  iis  deepest ;  where  greatcast  it  is  shallowest,  or  barn 
lare  moBt  nmnerous  j  where  pointi§  jut  out,  forming  elbows,  tliere 
will  invariably  be  a  shoal  on  the  lower  convex  shore,  whilst  on 
the  opposite  or  concave  side  will  be  found  the  best  channel  \  that 
^t  the  ei9ux  of  a  lake,  or  broad  expanse  of  river,  where  the  sev- 
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€ml  currents  a^^ipaible  Wfon*  a  final  shc»ot  thniiigh  the  oontratjt^i 
water-way,  ihvre  will  Ir*  dt^ixieitt!,  iincl  that  at  tlie  mouths  of  riv- 
«!*  empHnii^  tiit*i  runoitig  wati:*r  ur  t)eaehei^  t'xpti^ed  to  the  windw 
and  wavei:4^  Imn*  will  Ik^  ftirrvK'*!,  ^*metime^  to  such  an  extent  as 
^•ntii^ly  to  intemi|)t  iiavi^itioih 

Indetidr  on  the  Kuiith  nhore  i>f  Lake  Superior  I  have  walked 
^ver  ihi^  numtlip'  of  mnw  tatmW  tttrtmm^  without  suBpK5i*tiiig  their 
prew^ni^%  and  only  dr^scovered  tliein  liy  exjdf^riii^  inward* 

With  a  knowledge  <>f  these  principles  it  'm  \}om\hle  to  predict 
with  almost  alfe?<.iliite  <'crtiiint^\iu.*^t  when'^  shoalt*  may  be  found  by 
a  men*  in^fM^tiion  of  the  outline?^  of  the  >*trejuiu 

The  tendency*  of*  an  elbow  to  vmim  de|»06it*«  w  one  which  con- 

lily  increai^e^,  m  that  the  liar  creei>K  up  stream  to  meet  the 
^Ibciw  and  uitimatcly  joiui^  itself  tn  it,  forming  a  Hpit  This  Sf> 
greatly  rp*luee>=  the  H*atcr-way  a**  ttj  miwe  ertRsiouB  at  otiier 
points,  that  tJie  regimen  may  be  pnwerved,  luid  thus  new  chan- 

Jt*  aPT!  cnit  through.     Heiii^-  the  iickleuesH  of  rivers  with  low, 

thy  t*ankK 

But  to  return  to  the  iipplimtion : 

Smith's  "^  in*>re  ptioperly,  Windmill  Island  n^  represented,  s<j> 
far  ^jack  aj?i  we  liavu  any  authentic  data,  eon«iderably  farther 
down  the  river  than  at  pre^^ent,  and  it  ha-s  been  gradually  crap- 
ing up  (Stream,  imtil  now  itt^  upper  end  in  about  opposite  Chestnut 
tarecL  To  ajrrol)* irate  the  above  theor\^  I  have  examined  the 
rihie»<t  «jlitainable  mapf*  in  the  Mercantile  Library,  PeuuMylvania 
Hii=t4>rica]  8ociet)%  Philadelphia  Librarv*,  City  Engineer's  Office, 
and  Franklin  Iii>ititute,  with  the  following  result*^; 

The  map  of  Thots.  Holme,  Surveyor  General  of  the  Provinoe, 
1681,  ethowi^a  8maII  i$!i!and  opposite  Spruce  street,  and  another 
much  larger  almtit  opposite  Kaighn's  Point 

In  1762  Windmill  laland  extended  from  below  Cliristian  to 
below*  Spruce  etrt^t,  witJi  Ixin*  all  the  way  up  to  tkioper'a  Point 
(N*)  name  to  map,) 

The  map  of  Scull  &  Heap,  1777,  giv^  about  the  name  posi- 
tion ffir  the  ialand* 

On  the  map  of  1 796  the  i Aland  extended  from  below  Shippen 
(now  Bainbridgt*)  street  U)  below  Chestnutj  with  a  .«^hallow 
<!hanuel  aerotii*  it  opposite  Spruee  etreet;  or^  in  otlier  woniti,  a 
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shoal  showing  above  water  between  Spruce  and  Chestnut  streetn^ 
but  not  yet  joined  to  the  body  of  tlie  island. 

Hill's  map,  1808,  represents  six  small  islands  or  flats,  Ary  at 
low  water,  extending  from  Christian  to  Vine. 

In  1811  the  island  extended  from  between  Shippen  to  between 
Market  or  High  street,  with  bars  at  each  end,  the  upper  one 
being  attached  to  die  island,  the  lower  reaching  to  Washington 
avenue. 

The  map  of  a  survey  by  John  A.  Paxton,  and  drawn  by  Wm.. 
iStriokland,  Engineer  (1824),  shows  three  islands  extending  from 
Catharine  to  Arch  streets,  with  shoals  at  either  end. 

Port  Warden's  map  (1836),  having  no  date  other  than  that  of 
its  presentation  to  the  Franklin  Institute,  and  no  name,  sliows 
the  upper  end  of  island  reaching  above  Chestnut  street,  with 
isolated  upper  bar  extending  to  Arch  street.     The  lower  limit  is 
not  defined.     (No  canal  shown.) 

On  the  map  of  F.  I.  Roberts  (1838)  the  island  extends  from 
Shippen  to  above  Chestnut  street,  with  a  separate  shoal  reaching 
JUS  far  as  Arch  street,  and  a  shoal  below  from  Washington 
avenue  to  above  Christian.     (Canal  shown  as  cut  through.) 

Map  of  Chas.  Ellet,  Jr.  (1839) ;  island  from  South  to  between 
Market  street  (with  canal)  and  isolated  bars  above  and  below,, 
the  latter  reaching  from  below  Washington  avenue  to  Fitzwater 
street,  the  former  to  Cherry  street.  Total  length,  with  bars, 
1|  miles. 

The  U.  S.  Coast  Survey  map  (1843)  shows  the  island  as 
extending  from  Shippen  to  between  Market,  with  ferry  canal 
cut  through,  also  a  detached  bar  below,  dry  at  low  tide ;  one 
fathom  depth  just  above  Washington  avenue,  and  an  attaxih^d 
Imr  on  the  up-stream  end  extending  to  Cherry  street,  with  one 
fathom  of  water  below  Callowhill  street. 

The  surveys  of  Richard  Hexamer  (1868)  limit  the  island  by 
the  prolongation  of  South  and  Chestnut  streets;  and  Dyer's 
map  of  1869  makes  it  rea(;h  from  Shippen  nearly  to  Arch 
street. 

Of  all  these  the  only  ma|)s  giving  any  information  concerning 
the  depths  are  those  of  the  U.  S.  C.  S.,  made  in  1843,  and  the 
Port  Warden's  map  having  no  date  affixed;  and,  consequently,. 
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thf  <inly  oiU'  utHm  wlucli  ;uiy  reliiimv  mn  k*  |)la(?e<l  Ls  that  of 
l84:i.  Still,  a  ^mi^nil  t^uripaii^on  nf  al!  sIjowk  hii  average 
nitj^-cinent  of  the  lower  end  of  tlie  island  up  i^ti'eatn  ihnn  Chris- 
tian to  South  street,  a  distance  of  liJOO  feet  in  lOti  yean*,  or  from 
ITtiL*  to  18118, 

Krtitu  the  wtu|iamtive  Hi>imdinj^  of  I  Hi  St  and  IHM,  m  given 
on  the  port  Wanlen*!^  inajn  and  tho«?e  nf  the  IVm^^t  Survey  of 
|H4.'i.  we  are  enablinl  to  trat^*  in  pfitn  the  axe^  of  the  iUH?i>ti?it 
water  at  tho*^*  ilatOh  with  the  f^illcming  ui^tahle  reKiilt^,  In 
}nlU  the  nxk  wan  25<)  U>  8iK)  fevt  fnun  the  Pi>rt  WanleuV  line 
ami  viyry  nearly  pandlel  tlien-to.  In  l>^3*)»  after  17  ymiv,  it 
hail  evidently  in^ntMl  i-iiglitly  tuwanU  the  dty  nhore,  and  in 
I84:t  wa«  Htill  tiearer  from  Kiwi?  stii?et  to  t*h^tnnt  street, 
appniai^hin^  to  within  90  fiH*t  of  the  [»ier  hejids  at  MarkiH 
Jtreet.  At  Cherttnnt  street  it  nuule  a  t*end,  ^.'fmvex  tijwanls 
Btaiitli's  Isknd,  having  it^  maxiruuni  ortliimte  op^Nj^ite  Walnut 
f^n.***i^  and  renaiine*!  outride  the  linen  previously  oetnipie<l  to 
U'voml  tJje  limitH  of  the  nmpf^. 

Thec>r>^  would  !<iiggest  that,  a**  the  apimmeh  to  the  ]i4lan<l  hai>- 
(icnerl  jii^^t  rtppnt^ite  the  eiuial  eut  for  the  Philadelphia  and 
Claniden  Ferr%*  Conii>any,  it  must  have  reunited  from  the  i*et  t*f 
the  eum*nt  in  that  dire*tion^  atid  a^  there  is  a  (vrresponding^ 
fle3cun'  I  if  the  fleepi'jtt  water  line  in  the  ileraey  t*haJinel  it  eorrob- 
f*rrtt<^  the  llKH*rv; 

A  1^11  n*h  fnr  the  date  of  the  ujKfuin^  of  the  <^mal  re^iultetl  in 
a  note  IVom  Mr*  Thonips^in  Wiwc^tt  t*»  the  etfect  that  **the  work 
mi^  nnth*inzt?(l  liy  A<*t  of  C'onneiJ  February  14,  1X3H,  nnd 
damages  a5*?eHswl  the -^ime  ycsar  at  $l^(MM)*  The  canal,  1*50  ftft 
wide,  wii£(  cut  «oofi  afterwunls ''^— he  f*u[jjK)He^  in  18ii8— y.  At 
fin-r  I  with  si  tie**  r>f  the  tmnal  were  of  the  name  length,  in  tioni^- 
ipienit'  of  whit*h  it  Hlleil  uj>  rajjitlly  ;  bnt  by  extending  the 
tip]ier  fiide  into  the  .Ien«t*y  channel  to  inten^ept  the  flrKMJ-tide, 
ami  the  h^wer  side  mUi  the  Pennsylvania  ehatmel  to  tratcOi  the 
Ai  atid  niui^  a  .s<*i>ur;  it  ha*^  sinin^  bei*n  kept  0|>t*n.     The  **urvey 

1843,  f(»ur  y*?;fcrs  after  the  opening  of  the  uuud^  shows  a  very 
ttiarked  efil^  u|Mm  the  axw  of  the  eiirrt^nt*^.  An  exaiiiiiiatitni 
i»f  the /j;ri/r/r  show**  21*  ftvt  nppt^site  the  old  Navy  Yard,  near 
the  Inwer  end  of  sh<ml,  l.»4(*w    the   i.*^UuML     Then<ie   the  rleptli 

a 
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iucreantv  witli  undulations  to  58  feet  at  a  point  above  Race 
street,  at  the  upper  end  of  the  shoal  above  the  island  (distaiM^ 
<>8()0  fwt),  when<'e  it  suddenly  shoals  to  31 J  feet  opposite 
Cooj)er's  Point  (distiinw  3200  feet^,  at  which  place  the  river  in 
widest. 

It  deeiK?ns  again  to  37  feet  opiKtsite  the  lower  end  of  Petty*.-* 
Island,  and  shoals  gradually  to  a  ))oint  above  the  Reading  Com- 
fionyV  wharves  when^  there  are  but  19  feet  of  water;  thence 
the  de]>th  increases  to  26  feet  at  head  of  island,  and,  finally,  runs 
up  t4»  only  13  feet,  just  l)elow  Fisher's  point,  where  it  pitches 
down  suddenly  to  38  feet. 

Returning  by  the  Jersey  dmnnel  we  find  tlie  distance  some- 
what greater,  by  the  deep  water  line,  l)ecause  it  is  more  sinuous 
in  (x>nsiH(uence  of  the  greater  width  of  channel  and  less  dqpth 
of  H-ater.  The  same  general  observations  obtain  in  this  case  as 
in  tlie  other,  L  f.,  where  the  river  is  broadest  it  is  shallowest,  and 
rtiee,  verm.  Considering  the  profiles  of  the  two  channels  together, 
we  fiiul,  SIS  a  rule,  the  average  <lepth  greatest  where  the  breadth 
is  least,  and  the  reverse,  so  that  we  may  safely  conclude  firom 
these  (ol)Hervations  and  deductions)  that,  if  by  any  means  the 
brefidth  or  depth  be  reduced,  the  depth  or  breadth  will  be 
inccease<I  in  consequence  of  the  scour  produced  by  the  increased 
velocity  given  to  the  stream.  This  diminution  of  the  secticmal 
area  may  Ix;  pro<luced  either  laterally  by  constructing  jetties  and 
levees,  or  vertic^ally  by  forming  sub-aqueous  dykes  or  dams  on 
the  bed  of  the  stream,  and  (*roKsing  the  same  either  directly  or 
obliquely.  The  latter  being  generally  better,  as  it  will  change 
the  diriK*tion  of  tlie  resultant  thread  of  the  cnirrent  so  as  to  cause 
it  to  a<'t  more  |)Owerfully  on  the  (le|M)siti<  to  Ik»  removed.  In 
applying  tlusc  principles  to  the  case  in  point,  I  should 
nx*<»iunKnd  th<»  latter  inethixl  of  reducing  the  w^ter-way  by 
o!)li(|Uc  (lams  (see  map)  constructed,  first,  of  large  stones  thrown 
into  tli<'  river  on  range  linw  established  by  signals  erectetl  on 
the  island,  juid  filling  in  on  the  ujKstream  side  with  ri|>-rap  or 
ballast  fnini  vessels.  The  Pennsylvania  en<l  of  the  dam  should 
be  sonKnvhut  higher  than  that  resting  on  the  island,  and  no  part 
of  it  should  have  less  than  thirty  feet  of  water  over  it  at  mean 
low  ti<le.     As  an  auxiliary-  structure,  I  should  extend  the  pier 
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h&nl^  iH^ir  Willow  i^treet  (see  iiia[i}  daynt  stnmm,  at  such  ati 
aii^rli-  tvi  to  tleflcxt  the  current  towanls  tho  hea*!  of  the  mlaiid» 
ami  l*i*Iii*ve  that»  bv  tlni.^  exiieiidiiijr  a  few  tlioiLsajid  iloUarB,  the 
prt^ni  ehaiine!  may  l»e  w>  deei>ened  ;in(l  widencHl  as  to  avoid 
fcjinrt^ly  th«'  tu*iimviff  ni'  the  i^hind.  At  present  I  tlo  not  think  it 
adv'isjihh' to  1  emove  any  of  the  fib^t  liiiid  whit^h  h  now  .stiffieiently 
|)nit«:rift1  Ijy  fi  ai^^tiig  of  pile^  \  but,  ou  tJie  mntniry,  I  believe  it 
vrotdd  wtirk  Hfriou?^  injury  to  the  harb*^r  were  any  v^ery  (^iiL-^sider- 
ahli'  jisir!  i>f  the  ij*Lind  to  l>e  i-eniovwl,  as  in  that  ease  the  deep 
wai**r  4*hitnnel  would  reewk  froin  the  Peiins\dvania  ^hore,  where 
bar-  w*ndd  siwm  form  and  destn:»y  the  approjwli  to  the  harb«*r. 
It  i?^  alHi  i^rv'ieeahle  a**  a  brt^ikwater*  be.side?^  furnish inj^  so  luueh 
nirtre  rtKim  for  Jitowsigc  and  wharfuj^,  whi<*h  art*  aH  t^sential  to 
i>iroiii<*reitd  intcre?*ti*  m  pytyA  water* 

I  dii  riot  lielieve  the  time  ha.s  yet  arrived  when  it  will  pay  to 
pnll  ii|}  the  pileiH  now  KurTOunding  the  iwhuid  and  mi  them 
further  baek,  but  I  do  think  it  would  lie  exj)e<lietit  to  deepen 
the  chaniiel  v\me  up  to  the  present  wharf  lines  on  the  idand  by 
th*'  im\\jH»nMive  nieth<Ml  proj>ojse<l. 

The  tjuention  will  naturally  arise  a>*  to  the  ettt-ot  upcjn  the 
lowt'r  reaehe^  of  the  river  from  the  aUnviuna  tlins  diHturbctl, 
It  i*»  my  opinitai  tluit  it  will  not  .Herioiiwly  aflkt  the  present 
nAvi^blt*  ehanuelf  but  it  will  dciubtle^!^  add  t^)  the  magnitude  of* 
the  l»ir?*  alri'aidy  existing  below  Green wieh,  Gloueesster  and  Red 
Rank. 

A^  !*i  the  time  required  to  effect  these  changi^  it  is  imixci§ible 
to  ifUike  any  pi'etlietion!^  with  ccrtaint\^,  for  it  will  depend  lar^ly 
u|M«ii  die  **ta^f^  of  water,  ajid  l>e  retanletl  to  a  e«jnsidenible 
4'jctc'ril  by  tlie  HimmI  and  .staiul  uf  the  tide,  but  it  will  dfiubtless 
iiiipn»ve  tlie  ehannel,  at  least  fL<  rapidly  as  the  demand  for  g^reat^r 
f^hipping  faeilities  inertuis^. 

A  new  survey  of  the  river  i,s  ntpw  IjeiJig  made  by  the  U.  S* 
V*  Sp,  tinder  the  direction  of  Hon,  C,  P,  Patterson,  SupMt,  the 
P'iiiHlt^*  nf  which  will  lie*  1o4)kec]  for  with  great  interest,  as  indi- 
jii|f  mi*n^  <*^irnH'tly  than  can  l>e  ilone  by  other  means  the  exact 
ition  4pf  any  proj^Kised  inlpro^'emeIlt. 
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WATER  SUPPLY  TO  A  STAMP  MILL, 

With  Notes  on  Kutter's  Formula. 

By  Wm.  F.  Biddle. 
Cornmunicdted  by  Chas,  E.  BUUn^  April  'M/t,  1878. 

Ill  making  the  necessary  caleulatioiiH  for  the  location  and 
(^)nstruction  of  works  to  supply  water  to  a  qusirtz  mill  in  the 
gold  region  of  Venezuela,  South  America,  the  w^ide  differences, 
between  the  formulas  given  by  well-known  authorities  for  the 
flow  of  water  in  pipes  and  oi)en  channels  became  veiy  apiiarent,, 
particularly  when  applied  to  cK)mparatively  small  dimensioas. 
This  mill  of  thirty  stamps  and  the  general  plant  of  the  cx)mi)any 
owning  it,  had  previously  been  built  close  by  the  outcrop  of  the 
({uarts  vein  and  almost  three  miles  from  the  nearest  stream,  in 
the  disappointed  expectation,  on  the  part  of  the  gentlemen  then 
numaging,  of  getting  a  supply  of  water  by  sinking  to  a  moder- 
ate depth  on  the  vein. 

In  order  to  show  the  conditions  to  which  the  formulas  were 
applied,  and  also  as  illustrating  some  of  the  peculiarities  met 
with  in  tliat  country,  a  few  descriptive  notes  are  given  of  the 
works  referred  to. 

These  cx>nsisted  (see  profile)  of  a  pumping  station  at  the  foot 
of  a  steep  hill  on  the  Yuniari  River  (an  affluent  of  the  Essc^- 
ipiibo),  delivering  water  260  feet  above  the  pump  into  a  line  of 
tnmglis  (7x6  inches  inside,  made  of  inch  boards)  laid  along  the 
hill  side  on  a  desci»nding  grade  of  '3  per  100  for  a  length  of 
4  UK)  feet,  the  line  cro!«fesing  two  deep  ravines  by  inverted  syplionn 
(of  Ixwler  flues  five  inches  diameter  outside)  694  feet  ainl  .318 
tVi»t  long,  bringing  the  filter  to  the  scHx>nd  pumping  station  at 
the  fiH>t  of  a  range  of  hills  extending  inland,  whenc^^  the  water 
wju<  delivered  195  feet  alx>ve  the  pump  into  a  second  line  of 
trtuighs  10,4.>0  fi»et  in  length — ^this  line  crossing  another  ravine 
by  an  inverted  syphim  605  ftvt  long — bringing  the  water  into  a 
nivine  inmietliately  Inflow  the  stamp  mill,  whence  a  thin!  jmnii» 
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dia'hargt*  jiii^e*  of  the  pumps,  being  17,300  feet,  and  the  tf*tal 
hrijfhf  ijsiined  from  the  river  tn  tht*  mill  tiuik  lieing  'ilO  feet. 

The  pumjis  nt  the  two  i^tatitias  were  W^trtliiugtiiire  Duplex, 
16-in«*h  i*tesuTi  evlindei^,  8-inch  plungers,  and  10-ineh  i*troke^ 
with  H-inch  Rietion  ftnd4-iiieh  diM-hargt*  pij^e*^.  The  tM^ilei^  were 
nf  knHimotivtv  pattern,  having  iort\^-five  tVineh  flue»  eight  teii 
I'ltijr,  swiil  the  exhiiupt  of  each  pump  wm  letl  into  tlie  smoke 
'^lAf'k  of  it**  boiler.  Clieck  valves^  were  placed  in  the  diM-lmrge 
IMji*')*  rloK*  to  the  |>iim|)f^,  and  in  eh  pi|)e^  were  tapfietl  in  jtirtt 
alMive  thf*  valves  and  leading  to  the  lx»ik»i>«,  which  were  thus  fed 
hv  the  pre«eure  of  the  water  Cfdnmn,  though  havnng  injectom  for 
UN'  in  csv^\«if  neeessitj. 

The  Iwjardi?  for  the  trough*«t  were  mwcxl  at  th^  company's  maw- 
mill,  c-loM^  by  the  st^inip  mill.  The  durable  native  woods,  with 
*mv  or  twf»  cxceptinii>i  wliieh  are  of  ver}*  nire  fx^^arrenf.^%  an* 
extremely  hard  and  heavy.  The  Ixjarck  (*omc  from  the  mw 
ijuite  Hmooth,  but  it  *m  almost  imi>o«^!ble  to  drive  a  nail  near  the 
wlgt*  withtiut  splitting  the  wood,  and,  therefore,  the  side  iKjanl;! 
<*f  the  troughs  wtTV  iK>retl  for  the  nails  by  a  mac4ilne  fitted  np 
fur  the  pur|K*ge  in  tlic  ^iw  milh  The  troiigK*  varied  in  length 
ffoflo  twelve  to  *^ixta?n  feet,  and  were  no  ^tiff  and  strong  that  im 
MipfKwtsi  were  neede*!  l>ctweGn  the  joint*. 

The  ptimpst,  iMiili'F!**  and  fixtures,  pil>ejs,  pipe  fittings  and  thiols, 
vulves,  bendi*,  bolts  and  nute,  naile,  indeetl  even^thing  iised  in 

,fl  on  the  work  except  the  Iwmnl^  hiul  to  Ix;  whipj^ed  by  failing 
Is  frc^m  New  York  up  the  Orinoco  River  wme  300  mile-^, 
luiuled  by  lighter*,  k>aded  on  ox-cart»,  and  hauled  150  miles 
iulnml  to  the  mine?.  Fortunately  l)oth  pumping  s^tations^  were 
r|«.*e*'  to  the  tart  roadj?!,  but  many  of  the  syphon  pi}>es  had  to 
rt«^h    their   de**ti nation    among  the  hill^   by  being    [lat^ked  on 

The?  preliminary  grade  line  for  the  troughs  was  run  with  a 
Jiiitliler^r^  leveU  or  triangle,  eight  feet  long  and  mac]e  of  boards. 
This  wai^  renlly  the  quickest  and  handiest  instrument  that  could 
1*  rific^K  for  almost  ever^^  foc»t  of  the  dis^tanee  had  to  l>e  cut 
thrviu^h  the  dense  tangle  of  vincsj  briers  and   lianas  which  form 


38  Biddle —  Waier  ^Supply.  [Proc  Eng.  Clubr 

the  undergrowth  of  the  tropical  forests,  and  the  amount  of  chop- 
ping was  thus  reduced  to  an  opening  just  sufficient  to  drag  the 
triangle  along,  while  by  driving  pegs  and  keeping  "tally"  both 
the  measurement  and  the  grade  line  were  obtained  in  the  one  oper- 
ation with  enough  precision  for  preliminary  work.  The  finaf 
leveling,  after  the  line  liad  been  approximately  located  and 
cleared,  was  done  with  a  "  Heller  &  Brightly "  small  minioj^ 
level,  which  proved  a  most  satisfactory  instrument. 

In  calculating  the  heads  to  be  given  to  the  inverted  syphoiw- 
for  a  maximum  discharge  of  thirty-five  cubic  feet  ^ler  minute,, 
two  formulas  were  applied,  Weisbach's  for  friction  head  (velocity 
head  to  be  added),  and  Eytelwein's  as  given  by  Trautwine  for 
total  head,  and  also  by  Beardmore ;  with  the  following  results  i 

Feet  long.  £ytelwein.      Weisbach.  Diff 

1st.  Syphon,     694  .      19*09  .      14*67  .  4-42 

:3d.    *     "         605  .      16-71  .      12-83  .  3-88 

2d.          "         518  .      14-39  .      11-04  .  3-35 

11-65 
Those  by  Eytelwein  being  thirty  per  cent,  greater  than  those 
by  Weisbach.  In  the  absence  of  any  record  of  the  use  of  such 
small  pipes  (4*7  inches  inside)  as  inverted  syi)hoas,  it  was  thought 
wiser  to  take  the  larger  results  though  involving  a  greater  loss 
of.  elevation  by  almost  twelve  feet,  and  also  to  add  two  feet  for 
l)ends  and  possible  obstructions  in  the  pil>es^  so  that  the  hea^ls 
actually  given  for  the  al)ove  lengths  were  twenty-one  feet,  nine- 
teen feet,  and  sixteen  and  a  half  feet  resi)ectively.  Trautwine 
remarks  on  this  subject  as  follows : 

"Recent  experimenters  state  that  the  old  formulaj  in  ase,. 
though  generally  sufficiently  exact  for  ordinary  practiw,  are  t4> 
some  extent  defective.  Weisbach  asserts  that  for  velcK?ities  les* 
than  1 J  feet  per  second  (full  one  mile  i)er  hour)  the  heails  given 
by  the  other  formulte  are  too  small ;  and  for  higher  vehn^ities  Uh>- 
great.  On  the  other  hand  many  measui'ements  by  com[3etent 
engineers  seem  to  show  tliat  the  old  formultegive  all  the  acxniracy 
required  in  common  practice." 

The  first  trial  of  the  works,  and  unfortmiately  the  only  on^ 
made  before  the  engineer  left  the  country,  included  only  the  first 
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piirttping  stiitiiiii,  1  "itXI  f«M^t  of  trimglis  uinl  tht^  fir«t  r^ypliuii,  ami 
w;i^  tmule  miller  ein^iinisULiK^'s  whi(*h  remlered  it  imjvcjssilile  to 
ti^  die  performanoe  of  the  svphoii  fiirtlier  tliati  a^^rUiiiiiiip:  rJiat 
ih^  *2*1  rub  it*  fw^t  i>er  minute,  \\w\\  c^tiriuUtHl  t^i  W  Howiiti^  thnm^li 
tlie  tmughii,  passeil  thi?  i^yphoii  with  in>  iutliaiU^m  of  tilling  xhv 
high  fticle-  The  three  j^vphuiift  liave  now  Ix^n  in  iu**e  nearly  tw*» 
jrettrs,  bnt  the  only  intornmiiun  yet  n^mvetl  ahoiit  thetn  :-tiLt4*, 
iltat  when  the  worki?  Jin^  fnrniHlung  more  water  tlum  the  null 
nc^U  the  ?*yphom  ^how  no  ssign  of  Hlliiig  tht*  liigli  ?^ult^.  This 
|imve«  that  die  fornnila  nsetl  was  wrtiiinly  mjr  m  tliin  eii2?e,  hut 
it  i?4  hop<:<tl  tliat  further  detiiilf^  will  ^nm  be  reeeivt^I  by  whwh 
to  learn  how  ninch  it  i.s  in  r,rtv^*w  of  siitety,  iind  wlit'thiM'  U\*ii4- 
l«i4^!i*s  fornitihi  mUfht  have  been  safely  ii^ed,  since  an  uniieee.*45!ar)^ 
lit*i  of  twelve  feet  of  elevati*ni  ^HiiiTfl  luinlly  lie  <-onhulere<l  by 
Mn  Tniutwine  its  **  ^iitfii*iently  exaet  for  eomnion  pineti<H\**  and 
T^rnetimej^  might  be  of  very  «eriouH  importaace. 

At  the  trial,  (lartng  whieh  tlie  pmnf»  wix^  run  shiwiy,  tlie 
water  flowed  m  the  tronu:h-i  thnx*  mv\\L^  deep,  and  n  small  pie^et^ 
of  ifieli  buiml  flr/ated  through  the  15fH)  fec*t  in  ^\  minutf?^,  or 
Jit  die  rate  of  2*7  tcet  |ieir  sei"<:jnJ.  If  this  was  tlie  tnie  '^urttn'e 
vel<»eity%  tbpn  takinp^  the  mti(i  betwfH-u  thf  surfmn'  aud  mean 
veloetttep  at  "Ho,  the  uil'^ui  velocity  would  have  Uh^u  *1*'^  f<*et  |>er 
liooijiicl^  giving  a  diJ^hargeof  twenty  cubic  feet  |>er  miuute.  But 
the  rttiat  wa^  of  sueh  lieavv  wnocl  that  it  wti^  imuiersetl  its  eatiit* 
thiekua^^  thiv*-  having  xXh  umler  Kide  <inly  two  ineht>i  tVinn  tht^ 
bijCtoai  of  the  trt>ngh,  and  there  t^ii  l*e  tio  doubt  tliat  if  a  strietly 
mtrfwf  flmif^  Mirh  as  a  thin  diHf*  of  light  w<M^b  had  Ihh'U  iiseti,  a 
t^fUHiilenibiy  gi\!iiter  veloeity  windd  have  l>eeii  slujwn.  Moif- 
ovi»r  die  line  of  troughs  in  following  the  grade  along  the  t^miour 
oi*  tin*  biIhid*5J^  had  abinw^t  constant  ehange-s  <^f  diii-etion  at  the 
joints,  wliile  the  formula^  for  dis^-hargi*  thnaigh  f^jx^ii  ehaunelf* 
are  givtui  fur  dnikfht  t*haniiels,  !^>  that  lu  onler  to  eonij»iiiv  them 
(*Ii«^|y  with  the  olwerved  residt  in  thii*  ('aae  a  eorrtH'tion  sht^nld 
iw  applinl  tu  the  I'e^mlt  Ijotli  for  tliiekiiess  of  the  float  and  fi>r 
iTtiikiilntsfei  of  the  ehanneL 

Thr  ditteren<^e»i  Ix'twwn  the  fonimlaH,  Inrth  4*lder  and  mor*" 
t*nt,  that  wiTe  tried  on  ihiH  ay^%  are  in  tlie  vahie?^  given  i^i  tlie 
rrtieietit  V  in  the  formula  for  mean  veltH'ity,  in  feet  per  ^-^.^^-fiud, 
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V  =  CiRS 
in  which  R  is  the  hydraulic  mean  radius  (area  of  water  section 
divided  by  its  wet  perimeter),  and  S  is  die  Ml  in  one  unit  of 
length.     Here  the  water  section  was  7X3  inches,  or  '58  X  '25 

feet  =  145 ;  and  R  = '^^^     ^    =  -134.    The  fall  being 

•25 +-58 +-25  ^ 

•3  per  100, 

S  =  -003,  and  1  'R S  =  1   -134 X -003  =  -02 

Bejirdmore  gives  for  ordinarj'  use, 

V  =  94-2  1   RS 

And  for  "  channels  constructed  with  great  care  and  straight  in 
direction," 

V  =  100l   RS 

The  former  gives  in  this  case  a  mean  velocitj-  of  1*88  feet  per 
j^econd,  and  the  latter  two  feet,  corresponding  at  86  per  cent  to 
surface  vehwities  of  2*2  and  2*35  feet  per  second  respectively — 
Ix)th  much  below  the  observed  result  even  without  correction. 

Weisbach  gives  92*5  as  the  co-efficient  of  1 '  R  S,  and  otlier 
authorities  vary  from  68  to  100. 

Bazin  gives  four  different  co-efficients  for  different  d^rees  of 
i!>moothness  in  the  material  of  the  channel,  all  including  the 
hydraulic  moan  radius  as  a  factor,  and  the  greatest  being,  foi 
smooth  plank  (Higham's  tables), 

V  =  ^  1   RS 


i 


r.r.r.^..^     /R  +  -098\ 

0000457  [—^ — ) 


This,  applied  to  the  case  in  question,  gives  a  co-efiioient  of 
112-36,  and  a  mean  velocity  of  2*25  feet  per  second,  oorreiqKmd- 
ing  at  85  })er  cent,  to  a  surface  velocity  of  2*64  feet  per  second 
— still  below  the  observed  result  even  without  correction. 

Kutter's  co-efficient  includes  as  factors  both  the  hydraulic 
mean  radius  and  the  inclination,  and  also  a  '^  natural  constant" 
depending  on  the  material,  and  for  which  a  table  of  values  is 
given,  varying  from  '009  for  smooth  plank  to  '035  for  rivers  and 
canals  full  of  weeds  and  sti>nes.  The  fonnula  is  thus  (Higham's 
tables) 


rtiiJ«  l>ir9.  No.  1.]         Biddlf —  Water  Sajt^g. 


41 


■6  + 


1-811 


+ 


V  = 


•00281 \       — 
J  I  R 


8 


I  RS 


>  R  + 


N  (41. n  -^  :^i) 

Tflklug  tlu'  value  of  X  fijr  KtiifRith  jilauk  =^  *tK)y^  tiiiri  ^vm 
for  the  cia^  in  question  a  eiMiifit'ient  of  n9"14rj,  and  a  mean 
v«tlt»eity  t>r  2*383  fvvt  }wr  MtH'ond,  (^)rri^^jK)ndinj^  nt  85  per  c«nt, 
tn  H  !*nrftic'i*  veliX'itv  of  :2'H  feet  })er  j^wnind,  whivh  may  Iw  wm- 
?j|ik'rwl  i^i!i  fi^recinjr  el<M:4y  with  the  olj^ervwl  result  of  2'7  feet 
fM*f  ffer^oiifl  cHirriKted  for  thickness  of  the  float.  But  a,H  tliiH  n^ult 
vf^  fibfaftitHl  ill  ii  ehannel  ven-  far  i'nnn  ?itmi^lit  it  would  seem 
tKat  ev*^n  K utter V  et>-eftit*ieiit  is  ?*lt^btly  below  the  truth  for  t\m 
tw^\  It  is,  hfiwever,  very  elo^,  and  niiieh  nearer  tJiiin  tJiat  of 
Biw^hK  whieh  has  1k^«!i  thought  accurate  when  jt|iplie€l  to  :^m»l I 
I'hannel^,  tJintigh  aekiuiwlHltred  to  fail  on  large  riven^i, 

AfT»>rdin^  tu  Kutter's  forniuUi  a  depth  of  '4  fvet  (Hay  4|  in*) 
<4'  water  in  the  troughs  vvoiiltl  fiave  n  raean  veltxnty  uf  2"82  feet 
per  Neootul,  which  would  ^ive  the  niaxiniinn  (lim-liarge  of  35 
<'ubir  ff^vt  per  niimite,  ai^unirnl  in  r*ilculntif»nN  for  the  line,  with 
u  »*urphLH  vel4*eity  of  ;V32  feet  |>er  ?^*ennd. 

The  En^lisli  tran>ilation  of  KiitterV  work  (by  L,  IX  A* 
Jneki^in,  A.  IA\  Kj  gives  an  interesting  a<xH>ant  of  his  investi* 
l^ptiotift,  in  whi<^h  a  gretit  nural>er  of  roeorded  observations,  tm 
inOI  *is  his  fiwii,  w*Te  tnbulate<I  antl  (H>nijiiired  in  s'jirifnw  ways 
mui  with  motit  hilKvri<ius  re**eareh*  Without  gtaiig  fully  int4>  the 
iTuaiieniatk^il  detailn,  it  dt^neribes?  the  method  of  deriving  the  new 

t*jfirient,  which  may  Ix*  said  to  cfiiiFiHt  largely  of  a  synthetie! 
9plicntii»n  ot*  juialytical  ^^>nietry,  by  plotting  the  f>bservt^l 
«'«»-»*flicientii  a;s  onlinate^^  to  alwt^isgai^  repref^^ntinjr  values  of  R^ 
simI  to  otlieiY  repre«?uliug  valuer  of  S, 

It  h  rlainied  that  thiif*  new  fommla  give^  c^o-effieients  of  V  RB 
wKhJi  will  lye  found  com*et  whether  applieil  to  a  |MJtty  drain  or 
an  immen^  river.  The  forniula  of  Humphreys  and  Abbot  for 
iiw/r  rivers  had  l>een  acc^eptwl  a>^  the  hej^t  yet  proposWI,  but  their 
HMMiifieEitinn  of  it  for  H/im/f  wtreaniE*,  when  applied  to  small  chan- 
vrifh  con»«idcrtible  inclinations,  i^  ^aid  to  fail  a8  c^oniplelely 

that  of  Uimn  on  large  rivers*  But  Kutter's  f(>rmula  is  r«iid 
t4j  have  bcvn  proved  on  tJie  great  dejithH  and  hjw  in<4j  nations  of 
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the  Minsi&sippi,  and  to  have  given  oo-ef!ieient8  equal  to  ttioee 
found  there  by  Humphreys  and  Abbot's  obsen^atioas,  which 
have  gone  as  high  as  254'4.  This  and  its  close  agreement  with 
observed  results  in  the  case  of  the  small  trough  which  has  been 
described,  i«rtainly  seem  to  justify  tlie  claim  made  for  it  and 
entitle  it  to  the  confidence  of  engineers. 

Kutter's  investigations  have  demonstrated  the  following  impor- 
tant and  interesting  facte :  that  for  a  constant  value  of  X,  when 
the  hydraulic  mean  depth  (R)  is  one  metre,  the  co-efficient  \a 
practically  the  same  at  all  inclinations ;  that  with  values  of  R 
(freaier  than  one  metre,  the  e(M^cient  ifioreases  as  the  inelination 
decreaseSy  an  extreme  case  of  this  being  the  very  high  coefficient 
for  the  Mississippi;  while  with  R  lesi^  than  one  metre,  tlie 
cx>-efficient  increases  as  the  inclination  increases  up  to  S  =  '001, 
beyond  which  point  any  further  increase  of  inclination  has 
practically  no  effect  on  the  co-efficient,  which  then  varies  only 
with  R. 

In  the  preface  to  the  English  edition  of  Kutter,  the  translator 
alludes  to  the  anomalous  fact  that  ^^  the  English-si)eaking  races,'* 
while  taking  the  lead  in  engineering  progress  in  other  dire(*tioiis, 
have  been  very  far  behind  in  hydrauli(!s,  one  evidence  and  con- 
sequence l)eing  that  this  l)ook  which  a[)i)eared  in  Austria,  Ger- 
nuuiy  and  Swit>5erland  in  1870,  and  was  immediaMy  traiislateil 
into  French,  Dutch  and  Italian,  was  not  published  in  Englaml 
until  mx  years  latere  and  tliat  too  in  spite  of  ixwtly  exf)erience  m 
the  irrigation  works  in  India  of  tlie  necessity  of  more  knowledge 
in  this  branch  of  science.  An  extract  is.  also  given  from  aii 
article  in  Engineering j  Dec.  -U,  1875,  which  says  that  Neville's 
tables  of  velocity  based  upon  Dubuat,  "  though  expressed  in 
hundredths  of  an  inch,  are  in  realitj^  but  the  wildest  guesses  at 
the  actual  velocities  in  irrigation  canals  of  ordinary  dimensions. 
(^>l.  Cautley  relied  upon  Dubuat  when  he  laid  out  the  Ganges 
Canal,  and  found  him  but  a  rotten  reed,  for  the  water  in  every 
instance  tore  along  at  an  unexpected  velocity-,  and  erosion  of  the 
lied  and  destruction  of  the  works  followed."  The  writer  of  this 
article  then  sets  aside  as  unreliable  for  sudi  work  almost  all  the 
familiar  text-books,  both  original  and  compiled,  Continental  and 
English,  down  to  the  time  of  D'Arcy  and  Bazin.     If  enginet^rs 
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tti  Etiglaiid  havt*  iuitni  lieliiiul  tlif  iige  uri  tliL^  sui»ji^■t,  if  U  lii  Ixt 
fetn^l  thaf  we  in  Amerioa  buv^-  Imk^h  tnvvn  sii,  tV»r  the  C^otiti- 
iietiuil  ?<i4iientitie  jrmnmls  of  EiiroiK*  (in  whit'li  Kuttt^rV  work  wa* 
iirst  [itibllsht^I)  tim  le^s  kinwti  and  r^uI  heiv  tlmn  in  Eiit?laiid, 
aotl  iirt*  (lanlly  enougli  "  tjuutetr^  iii  (viir  invii  |>t'rirnlitniLs  to  kifj* 
the  prafe^on  at  large  well  iMwted  on  tlie  pi*ogrc*SH  in  tlie;^  i^mii- 
tries-^cW^  .some  of  our  lately  issue*  I  **  Ha  ml  Rwikii''  would  lmv«t 
{T^ntainotl  Kutter***  ver\-  itiiportant  result.'^* 

KuUer's  Tfihi^jf  art*  in  nietrlwil  inL^asures,  lUid  are  thert^fbrc?  nut 
^t  cuuvenieiit  for  iii?e  liere  i^t  [jrt^t^ntj  tin  it  is  to  l)e  liopetl  tliey 
may  Ik*  some  yeani  lieut^*,  A  snialler  Imt  ini>re  eoniprelieiisiviv 
wet  of  tabW  for  open  ehaiuielj^  luw  lieen  nUeulatetl  in  En|jr|iH)i 
feet  from  both  Bajsin'H  and  KutterV  tormula«,  by  Tboinat)^ 
Uigbatn,  Engineer  of  Irrigution  Wcirk**  in  the  Punjab,  Iiidliu 
wfaMt  fsui  l>e  recomm*/ 1 ule*!  a^  mnvenjent  for  a*^  and  I'eliabl*-. 


VI. 


EMPIRICAL  FORMULA 
Fur  J^rexuth  or  WROUGHT  IRON  BEAM8,  frrv. 
By  Pkrcivai.  Robkkts»  Jn.,  Mvmhvr  of  the  Cluk 
Bead  AprifrMh,  IHIH. 
The  following  formula  i**  entirely  empirimi,  and  it  h  only  h-- 
it  hiui  been  found  to  givt*  very  good  iie^idts  in  ]>rnf'tiK^  and 
vm-  convenient  for  roui^h  mUndations  tlmt    I  ventnrt*  t^*- 
tfi  the  attention  of  the  club  ; 


'( 


ixnn  in  sq*  in.  x  depth  of  l>ar  in  iueheH  a  4) 


:/. 


length  of  sjmn  in  feet. 

L  m  tiie  Hafe  load  in  net  ton.s  uniforudy  dinrrt Initial  niM>n  ti  lat^f- 

ttUy  mip|Kirt<^l   Ix'um.     If  the  load   l>e   u(K>n   the  middlt*  of  tht- 

bmm  thin  reNuU  munt  l>e  divided   by  2  ;  if  it  is  njK>n   anv  utlu  r 

I  poitit,  the  Hafe  loml  at  the  center  is  to  that  at  any  other  point  as 

ith^  rwliuigle   i^f   the  segments  at  the  point  is  U*  the  npiare  of 
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half  the  span.  In  the  calculated  tables  for  I  beams  published 
by  the  Trenton  and  Phoenix  Iron  CompanieB,  different  results 
are  arrived  at,  although  both  take  12,000  lbs.  per  square  indi  of 
section,  the  reason  being  that  there  are  some  slight  diflferences  in 
the  formula  employed  in  the  calculations.  It  is  proper  to 
remark  that  the  weight  of  the  beam  must  be  deducted  from  the 
requite  obtained  by  all  the  formulae  used.  The  area  of  the  bar 
is  found  by  dividing  the  weightper  yard  by  10. 

Below  are  given  the  calculated  safe  loads  for  Trenton  and 
Phoenix  beams  by  both  their  own  formulae  and  the  above  empir- 
ioal  formula. 

The  figures  show  that  the  Phoenix  Company  give  from  '3 
■of  a  ton  to  more  than  2  tons  more  weight  for  a  load  upon  the  same 
♦section  of  beam  than  is  obtained  by  using  the  empirical  formula, 
and  that  the  Trenton  Company  give  about  as  much  less.  The 
•empirical  formula  holds  a  verj'  fair  mean  between  the  two 
throughout,  and  would  seem  to  be  quite  reliable. 

Ph(enix  Beams,  for  Ten  Feet  Span. 
Depth.  Weight  per  yard.     Phoenix  safe  load.     Empirical  safe  load. 


IncheH. 

Pounds. 

Net  tons. 

Net  tons. 

15 

200 

41-00 

40.00 

15 

150* 

30-20 

30-00 

12 

170 

29-20 

27-20 

12 

125 

20-80 

20-00 

lOJ 

105 

15-60 

14-70 

9 

150 

19-70 

18-00 

9 

84 

10-80 

10-08 

,    9 

70 

9-20 

8-40 

8 

fi5 

7-40 

6-93 

7 

55 

6-40 

513 

6 

40 

3-60 

3-20 

5 

3« 

2-50 

2-40 

5 

30 

2-10 

2-00 

4 

30 

1-80 

1-60 
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TRE>m>x  Beams,  for  Ten  Veitt  Span, 
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Il^|*!h. 

Weiirlit  i>er  yard. 

Trt'rittiti  wife  UmH. 

Km  |>i  riciil  Mfe  loiiii 

Inches. 

PouiuIb. 

Net  rutm. 

Nft  Ums. 

\H 

•M) 

;J7-40 

4o-;Mi 

i^fV 

im 

:i7').*> 

:j()-;!7 

>--^ 

170 

2.r55 

1>7-!M) 

lai 

1'25 

l«-8o 

•io.4i 

lUi 

I:Jo 

IX-IIO 

]X-(fO 

liJi 

11(5 

U'.ii) 

14-70 

» 

I2n 

];s-4i> 

!Ji'(M) 

9 

*b 

y*45 

]0.2<t 

9 

70 

7-60 

«-40 

8 

W) 

K-40 

»-so 

8 

H6 

(i-75 

«-iH.» 

K^ 

60 

5116 

f»-(io 

^ 

«0 

3-80 

4-(J(> 

r 

40 

3-13 

3-26 

■d 

40 

2-45 

2.66 

6 

30 

1-90 

2-00 

4 

ao 

1-.50 

)«0 

j^i t  JN  :  By  J  A  M  E^  1  'h  ri ht i e ,  CorreB jxjikI in j^  M  eni  I kt. 

iniing  tliiit  a  hiir  of  rolk^l  iron^  oni'  iiioh  H4|tmn'  atid  oiu^^ 
ftxjt  1on|7,  will  iitkrly  yield,  under  a  Itwl  of  240il  ll»pi.  or  1'^ 
km^  f^iy^pt^nded  in  the  middle  t>f  iti"  length,  or  tliat  a  flangt^l 

will  yicUl^  when  it.H  fl^ni^  are  .subje<^^  U*  a  Itfu^ttudimil 
\Qf  40^*J()t>  lljH.  tir  20  ton^  jjer  «|iuire  inrli, — ^aml  expre^sin^ 
tin*  ti>uU  area  of  efti^  «eetli>n  in  inches  by  -4,  tlepth  in  biehw  by 
tinml  lentil  in  feet  by  Z,*— we  will  have  fMranvHolid  rtvtan^u- 
lair  ^x'tJoii,  the  breaking  luail  in  the  f-eiiter  in  net  turn: 

l-2.4/> 


W=' 


L 


In  the  ni?*(.*  i^f  a  Hiuigt^d  lioam  having  t*f(ual  U^^  luul  bntt^ini 
fiingt^and  the  web  merely  surticienttii  transmit  the  f^hea ring  strain?* 
Ujt*  itiiiinetit  of  resiwtaneG  wonld  be  the  longitudinal  resistance  of 
mie  flanjrt%  ninltiplied  by  thedis^tanee  I>t4ween  eentrt^^of  tlarigt*?^^  or 
2kl  .4'  ly  ;  ei|initiiig  tlii;*  with  the  resietion  of  eitlier  f^upiKirt  will 
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dve  20  A'  T)'  =—x—=^^^^e  moment  of  ruptui^  for  a 
-  2^24  ^ 

UkuI  c'oiu'entrated  in  the  center  of  beam ;  reducing  this  equation  so 

s»  to  express  A^  and  J)'  in  inches  and  L  in  feet,  gives 

ifMj^=  W.     If  the  beam  is   reinforced  by  material  in  the 

MJ 

>v^eb,  the  etpiation  would  become  TF=-? ~ where  a  is 

L 

the  areji  and  d  is  the  depth  of  the  web  in  inches.     It  has  been 

^lemonstrated  that,  in  a  beam  of  the  latter  form,  •^th  of  Uie 

area  of  the  web  may  be  added  to  the  area  of  either  flai^,  and 

the  whole  treated  as  a  simple  flanged  beam. 

H  (a'+I)  D' 

Tills  will  irivc  W  =  — ^ i —  with  similar  results  to  the 

previous  equation. 

By  comparing  this  formula  with  the  ordinary  formula  for 
rolled,  double-flanged  l)eams,  it  will   be  found   that  the  rule 

2  AD 

given  to  the  club  by  Mr.  Percival  Roberts,  Jr.,  viz. :  W=— — — 

3  L 

will  give  a  nearly  correct  result  for  the  average  resistances  of 

the  various  nections,  being  too  low  for  the  thin-webbed  and  too 

high  for  the  thick-webbed  beams,  but  exact  enough  for  practical 

puqKises  where  strict  accuracy*  is  not  required,  and  it  has  the 

merit  of  exceeding  simplicitj'.     T  and  L  sections  are  frequently 

■used  as  l>eams  for  n)of  purlins  and  similar  purposes,  where  the 

local  loads  art*  light,  and  the  material  is  more  readily  obtained  in 

light  sections  than  the  double-flanged  beam.     These  shapes  used 

with  table  down  and  stem  up,  oiFer  a  very  imperfect  resistance 

to  a  tnmsverse  strain,  the  top  of  the  stem  under  compression 

buckling  readily  in  a  lateral  direction,  unless  rigidly  supported. 

The  following  formula  give<  the  average  of  several  experiments 

w  ith  stem  up  : 

L 
When   applied    with    the    table   on   top    and    stem    down- 

2  A  D 

wanls,  the  rule  would  become  W  = or  the  value  of  the 
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beam  woulel  ht»  2|  timet*  grtati^r  timii  in  the  former  [Kk^itioii, 
Tlii'-  fonnuln  is  iltTivetl  i'rom  exiR^rimeiite  oa  T  wi-tioriH  in 
thti  viininfr  friHn  6  to  10  fWt^  without  Eiiy  lateral  suiiptirt. 
It  it*  cfjrtniii  tliat  mt  <^\.wh  gr«iit  dLsjuirity  >vould  exint  if  the 
beamt-  M^ert*  rigidly  ?*up|mrti'<l  to  prevent  lateml  Hexurc,  tm  iiui 
frtHjiitntly  Ix*  iluiie  in  tlieir  apjilicmtiunf<.  Xor  is  it  [probable 
thai  L  jHvti<»iL*  vvouki  yiekl  m^  gofxl  rtsiulbf*  m  the  T  j^^tiooa  (>f 
<x.iiirN\  in  all  J)ftitns  of  onlinary  constniotioii  the  limit  of  length 
withiHjf  Intenil  f*upjMjrt  mti^t  bc^  liorrie  in  mind,  a^  then  tln^ 
n^i^tiinii*  to  hitend  ttexnrej  and  not  the  rt^intiUKx'  to  aWlnt** 
4i»mpr('S?*ion,  i^^  the  nu^i^nrt*  fif  F4tal)ility, 

For  the  tlerte**tion  of  beaiu*=  having  lx|UuI  HangeSj  and  proper- 
tiini?*  similar  to  the  owl i nary  rolled  lieanm,  the  following  mie  in 
M  ftif  Kltfi«iti(vn  of  one  given  by  a  prominent  mannfm^turer : 

i^Hian^  iif  pqian  in  feet  )  the  deHeetion  in  inches  under  half  tlie 

IVpth  tn  Tiiehe:^  x  4()   I       bn^iking  h>ad,  evenly  dij^tribute^L 

With  iwie-half  the  breaking  load  in  theeeiiter  uf  the  beam,  8iib- 
stitute  5<>  for  4*1  in  the  al>c>ve.  This  will  \m  aclrwe  appr^jxiniatioii 
for  the  defiection  at  the  elastic  limit  of  the  iH'um;  for  rimaller 
J<jii4i^  Uie  deHcH^tion  will  lie  pro|)ortionately  l&^. 


VII. 


THE  SCALES  OF  MAPS. 

By  IjKWIs^  M.  HAt'i'T,  Frt'Hldent* 
lC*iftf  (ht  IM^/i,  187H, 

The  nbject  of  thie  pajier  is  tt»  uttemjvt  if  jMir^ible  the  rt*moval 
^f  tfw*  amhigiiitier4  existing  in  i^^giird  in  the  ii.h4*  of  rati^ts,  a^i 
exprt-^in^  the  s^z-^iles  of  innjjs  and  degive-s  of  .<ft]K'K 

M:Uhi*matitiil  antliorities  aiv  by  no  mean>*  agri^.'^l  eoneerning 
tht  iletinition  of  the  term  mtifi*  They  all  maintain  that  it  in  an 
ejcprt^tin  fi»r  the  relation  existing  Iwtwei'n  two  qnantities,  btit 
-diftir  in  the  nuumer  ol'  iletermining  the  valne  of  thi.s  relation  ; 
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some,  a««  Peck,  I)avit*H,  R4)b]n8C)ii  unci  others,  divide  the  hwihmI 
qiiantitv  or  consequent  by  the  first  or  anteitxient ;  some,  as 
JIutton,  Alsop,  Ray  and  others,  divide  the  first  by  the  sec^md 
(juantity,  and  still  a  thirtl  cJa«s,  an  C^hauvenet  and  others,  define 
it  as  beinji;  the  (quotient  obtainwl  by  dividing  one  quant4U'  by 

another.     It  may  therefoix'  Ik»  either    *;    or  7,    2,000,000,    or 

T600  000' 

The  same  confusion  is  found  to  exist  in  designating  the  sejih»s 
of  mai)s  and  drawings.  Some  publishers  and  engineers  giving 
it  Jis  so  many  miles,  or  other  denomination,  to  the  inch ;  others, 
iis  so  many  inches  to  the  mile.  Again  in  expressing  sIoik's  many 
authorities  use  the  tang,  of  the  angle  made  with  the  horizon,  that 

is,  the  height  divided  by  the  l)ase  or  ^,  while  others  ase  the 
(MHtang.  or  ^. 

Now  if  we  consider  the  manner  of  obtaining  the  value  of  the 
ratio  in  a  Geometric^il  Series  or  progression  wha%  no  ambigiuty 
exists,  we  find  that  as  each  subsequent  term  is  obtained  from  itn 
predecessor  by  multiplying  by  a  ooastant  factor  mlled  the  ratio^. 
so  to  obtain  thin  factor  or  ratio  we  must  nei^essarily  divide  any 
terni  by  the  preeedtnf/  one,  and  as  this  is  the  cmly  M-ay  in  whidi 
its  value  can  Ixi  determineil,  it  establislns  a  rule  which  should  l>e 
made  to  apply  to  all  other  causes. 

We  should  then  define  a  ratio  fM  heint/  the  vxpn'^ion  for  fh^ 
ralui'  qftlw  refation  cxlMinf/  between  firo  ffmnititie^jemd  us  obtamrff. 
by  dividing  Ute  8E(x>xi)  by  the  FIRST. 

The  quer\'  then  arises  as  to  which  (quantity  sliould  Ik»  c*onsid- 
crcd  the  first  and  which  the  scccmd,  and  we  answer  that  the  f/if^eu 
mntericd  object  to  Ik*  repi'esented  by  the  map  or  drawing  is  the 
7(71/7  or  iiwcuiure  with  which  the  other  is  to  Ik»  comjmred.  The 
map  en'  dmwing  may  be  made  of  any  convenient  size,  but  the 
objcH't  to  be  represented  is  already  fixed  or  constsuit  in  its  dimc^n- 
sions,  and  hence,^s  the  unit  or  sUuidard  of  comijariscm,  should 
Ik'  made  the  divimry  or  denominator  of  the  <[uantity  expressing 
the  mtio,  it  is  ccmsequently  the  antecedent  or  fii-st  quantity.  To 
ilhtstrate,  let  it  be  required  to  determine  the  mtio  bc^tween  a  map 
and  its  original  in  nature. 
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Th«^  tract  to  be  delhteatecl  in  niittiature  is  tlie  fi.xetl  objet'tp 
ittvariabW  in  dze, which  h  to  lie  cNMn|*artxl  with  the  plot  reprtssent- 
mg  it,  and  which  iimy  U^  niiide  larger  or  smaller  atTr^rdbig  to 
t  in-iiiii^tiitic^^  hence  it  becoriia?  the  unit  of  companson^  and  k 
the  anteofKletit  t^r  first  niumtity,  and  as  such  the  denominattir  of 
the  frac;tii>ii  exprt^i^sin^  the  ratio,     T!ie  lijrniulji  will  then  Ix'  ■ 

Field  :  Plot  ^  —    P  and  F  btung  ahvayst  iHidiittd  tothcmiiue 

fleJiiMtiinatiutu 

Thtw  a  8«il«  wf  3^jf^  10  5280  ft,  of  field  Uy  1  tt.  of  niap  or  one 
mile  to  1  ft.  =  ^\  of  a  mik  to  1",  and  not  12"  Ut  1  raile. 

It  is  evitlentty  iavorreel  therefore  U*  indicate  the  stmlesof  m^M 
«(i  many  inoha^  to  a  mile  m  i»  fre<piently  done.  Take  the 
of  the  reoeut  Gef3logi<^iI  nnipB  of  one  of  our  sister  States 
to  iMf  piottttl  on  a  ^irale  i^f  3"  U>  1  ""  or  3"  to  (>3,:i60"= 
ij^|j_aL=21,120^  that  i!%l«i  say,  the  map  is  21,1  !;J0  times  lar^rthan 
the  State  itself,  ii  mmiifest  aljsmvlity  msulting  fnmi  considermg 
ihi'  amf*  m  the  firet  quantity  <^r  stnTidanl  ratlier  than  the  tield 

In  mch  CM«es  ermrs  of  iutt*rpretatioa  ean  ^ttux^ely  ariwe,  as  the 
intention  in  ^j  evident,  but  tliere  are  inuuerou^  othenn  that  may 
leful  to  mis<?* instruction,  as  where  the  drawings  of  small  olijet^ts 
are  nearly  of  the  same  sijse  as  the  things  represented — thu6  a 
t<mle  of  J"  to  1"  wonkl  c<mfu^se  a  mechanic  unlei^  he  hap{>ened 
to  kjiow  whieli  wits  the  larger,  the  object  or  tlie  drawing. 

Site  the  exprt*a<ion  J''  to  1'  is  likewise  incorrect  as  it  ib  the 
Fei-ipmcal  of  tlie  niti(»  intendetl — the  inches  evidently  referring 
to  ihe  drawing  and  the  foot  to  the  object.  As  it  stands,  applying 
the  definitiiin  of  mtio  as  deduced^  it  will  be  etjual  to  12-^  I  ^ 
4$,  making  tlie  drawing  48  times  the  size  of  the  model— it  should 

If  it  be  remembered  that  the  antt^i^leni  abvays  refers  to  the 
It  ofifrct  and  the  f^omerpt^^nt  to  the  drawinr/^  no  diffitnilty  can 
It  will  jilways  liap|K^n  then  that  if  the  drawing  is  on  a 
Her  miilii  than  tlje  thing  delineated,  the  mtio  will  Ik*  a propn* 
fisc^n  ;  if  larger,  iin  impi\>|>er  fraction,  and  if  equal  the  ^  alue 
will  be  unit^%  or  \. 

It  is  Jianlly  neees^n-  to  mil  attention  to  the  tk't  that  the 
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number  of  scales  in  use  is  practically  infinite,  and  that  serious 
inconvenience  results  therefrom  to  Engineers  and  Surveyors 
whose  work  extends  over  several  counties  or  States,  making  it 
frequently  necessary  to  re-draw  large  secti(»is  of  country.  In 
compiling  atlases  it  is  the  practice  of  publishers  to  vaiy  the 
scaler  ai*cording  to  the  amount  of  territcny  to  be  represented,  that 
the  sheet  may  lie  filled  up,  but  nothing  is  gained  thereby  dnoe 
the  scale  uned  for  the  greatest  area  to  be  represented  will  show 
with  e(|ual  clearness  all  the  features  of  any  other  area.  Mote- 
over  the  eye  becomes  accustomed  to  estimating  distances  on  1^ 
ma|is,  with  sufficient  accuracy  for  a  reconnaissance,  when  the 
scale  is  uniform,  but  when  variable  it  leads  to  great  oonfoBicm, 
and  es[)eciully  when  the  publisher  has  neglected  to  indicate  the 
scale,  as  sometimes  happens. 

It  is  very  desirable  to  establish,  if  posi^ble,  either  by  reoom- 
mendalions  of  scientific  societies  or  by  general  laws,  some  con- 
ventional scales  for  maps  of  various  sizes.  Taking  a  state  of 
medium  areti  as  N.  Y.  or  Penna.  for  the .  unit,  and  reducing  it 
to  a  convenient  size  sheet  of  paper,  say  4  X  3  ft.,  would  require 
a  sc-ale  of  tttuWi^j  ^^e  same  as  is  used  by  the  U.  8.  Coast  Survey 
for  general  charts  and  reconnaisance,  but  too  small  for  most 
other  purposes.  I^arger  States  could  be  plotted  on  the  same  scale 
by  dissecting  them.  Foreign  countries  conducting  Geodetic 
Surveys  have  adopted  such  a  system.  In  Prussia,  Austria  and 
Switzerland  the  plane-table  sheets  are  plotted  on  a  scale  of  ^g^q^. 
In  Italy  the  field  work  is  plotted  on  a  scale  of  ^^\^^j  and  in 
Sweilen  xoiiWiF-  ^^^^  older  British  charts  and  maps  were  made 
on  a  scjile  of  1  "  to  1 "  or  ^g|g^,  and  the  later  mape  of  1  "  to 
6"  or  jTj^J^^,  but  these  latter,  while  not  being  large  enough  to 
show  parish  boundaries  with  sufficient  accuracy,  require  about 
six  times  the  amount  of  labor  in  their  preparation  and  are  incon- 
venient. The  scale  used  by  Prussia  and  Switzerland  for  general 
ma{)s  is  x^i^Vtrtj  ^^  one-fourth  that  of  the  detail  sheets  obtained 
from  the  plane-table  surveys. 

Populous,  cultivated  and  mineral  districts  in  Great  Britain  are 
plotted  on  a  scale  of  y^Vir  =  1  "  to  25'344",  partially  cultivated 
and  thinly  settled  districts,  on  a  scale  of  1  "*  to  6"=  y^^wis* 
For  the  plaas  of  cities  of  over  4000  inhabitants  a  scale  of  -^ 
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4>r  1  *  t*i  10*56  feet  i*?  ii^xi,  and  for  towiii^  and  villages  ^  ^-  y  or 
1  ■"  to  ft  ft.  i^  general. 

Nunienju**  tither  Instaiu^-s  might  Im»  cited  showing  the  great 
'%'ariety  of  h'aIl^  in  Uise,  Init  theee  wiW  i*i\ffii*e*  It  is  evident  tliat 
in  tfiivtTiinient  or  Stute  Snrveyj^  }nmm  svi^tematie  cdnneftion  may 
rtfuiily  Ik*  ei^talilUlifil  lietween  the  several  scaler  ua^f  and  it  is 
very  dt^irable  tliat  this  nnifumiit^'  of  scale  be  made  more  geneml. 
The  Hf*;!!!*  ridi>i>t*'*l  r^hindd  !«^  jnst  larjje  enough  to  sh<»w  clearly  all 
ut%\veary  detail,  Aiinhing  mt*n*  than  thi8  k  a  wasteful  expen- 
diture of  tiJiie  aiid  money, 

Fi*r  general  majj**  <d"  Stiiti-s  .sliii^viug  iuter<x«nnniiiieationsi,  a 
f^-ulr  (if  xTHiViru  ^^'"^  ^  iound  sufficiently  large. 

For  mapt  of*  eimnties,  in  itdOj  a  Bcale  of  jTrttnr  "^'^l  enable  all 
nei-^f+^irv  fcatim*^  to  he  eleiirly  rt?pres<*nted  :  this  smle  appli<Ml  to 
Ly(^>ni!fig  ( V>.,  the  hirgest  in  Punnsu,  would  re<iuire  a  niaj)  iti  X 
41  ft.  Fc»r  townshiiit^  flje  >^*;ile  oi'  TrimF  '^^  l^i^f*  enough,  and 
ftitTiis^hi^  an  admimhle  i^ize  for  the  pn|jection  of  G(*ologieal  data* 

Ftir  rities,  tim'os  and  viUagt^  8*jme  deeimal,  ^^ub-multiple^  of 
tbt'  alxive  Hesth^s  shimhl  Iw  n^^L  Cadasitml  nmim  of  farmn,  jmrkn 
4»r  e^tttt**?*  may  [uf  plottetl  on  wale^  ^^  Th(^  zh^^  TC^>  ^^» 

In  indkiiting  the*  di'grec^^  of  slopes  or  the  batir  of  retaining 
^^ulls,  the  n:itnnil  t^uigi^nt  of  the  angle  which  the  sIo|w  make:) 
with  tlu^  horizon  shfuild  invariably  be  iii*ed. 

To  mve  time  in  determining  the  relative  values  of  ^me  of  the 
uiofit  iinfH'rtxuit  sciile^  in  use,  and  to  aid  in  intnxlueing  the  metric 
*«y*4ti*tri  <if  length*^,  I  have  i\ith  the  asgistance  of  Mess^rs.  Wm.  M. 
Fotr>*  and  -L  W,  Van  Osten,  Jr.j  [jrepanxl  the  aceomjKinyrng 
tabh>  of  wpiivH lentil.  The  fin^t,  givci*  the  nnml>er  of  Miles, 
Kilomi*tt*fK,  Chainsj  Pole's*,  Meters,  Yards  and  Feet  of  territory 
whivb  nn*  esfpiivalent  to  one  inch  of  map  tor  any  given  scale. 
Thv  ?sef*<njd^  is  the  n.xnpn.H'jd  *jf  the  first,  mid  states  the  amomit 
of  JTiap  surface  which  \^'ould  l.>e  covered  by  any  one  or  mt^re  tif 
the  ttlmvc*  unitHj  for  any  s^Kmle. 
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17(WX)**MI 

olTHIMIN) 

U.  H.  Eng^». 

^^H 

^Kl 

l52:if*M 

inriiHVii 

*1<XMKJ1> 

u.  a  a  8. 

^^1 

^^^b2, 

!:2874MV^ 

14^»H4HI 

4224<)n) 

Eng.  OnL  8nr. 

^^^H 

^■|:i 

I^W'*! 

1.SH.HH-K 

4l*^Mli> 

U.  B,  a  H. 

^^^H 

^K4 

lt»hl!t'7 

nui-i 

t^^tU^'A 

IT,  R  C.  K 

^^^H 

^■p^ 

m\yH7 

lai4HHI 

;il(W4lH) 

Ludlow's  Rep, 

^^H 

^H^4t 

m:£i*it 

H>tHl^l 

:ilii54i'(i 

U.  H.  C.  K. 

^^M 

^^P? 

HCHH*fi4 

NK4I0'I» 

3^(W1*(I 

Bariiea'  Pa,  MaiM, 

1B5I.           ^^1 

^^^nf* 

"aiJi'S* 

K^44M 

^'T^XKHI 

U,  H,  c.  a 

^^^H 

^^B? 

mrn-vT 

iimm-t; 

mmy-M 

U.  H.  C,  B. 

^^^H 

^■w 

;    Hmt'H 

r>w>-5 

i&mm 

U,  B,  C,  8. 

^^M 

1       21 

'       4>*27iify> 

i>^>*0 

imm-n 

Ludlow's  Rc<p, 

^^B 

^^»^C£ 

4<w:i*H 

4444-4 

in^iT8 

U.  B.  C.  B. 

^^^H 

^^^b^ 

,      .'^H'ft 

4Um^'H 

l:i^<KV(» 

U,  B.  0.  B, 

^^^H 

^^^pi 

,    Ji21li'<)<i 

:i5iai^tj 

m^mM 

8berttian^$^  Manth. 

^^^H 

^^B^ 

I      3«I67'« 

it:J3:^^;-t 

UKJ(iO-0 

U,  8,  e.  B, 

^^B 

^IsH 

:i?i3!t*H 

1^777^7 

wm:i'3 

U.  8.  C.  S, 

^^H 

^■^7 

aim'tr 

*f.jkp.},.f 

KHB6'fi 

U,  B,  C.  8, 

^^^H 

^^HSH. 

^HM 

22(HHJ 

»m<K>"ri 

^^^1 

^^B^ 

i     mm^'H 

1*133'^^; 

nmi^n 

UeoL  Hnr. 

^^^1 

^Kin 

ifmii 

nm-i) 

o2H0-(» 

Fremont. 

^^1 

^Bl 

is^ifi 

\m5% 

.=50(MHI 

U,  8.  C,  B. 

^^1 

^^^K^ 

15(»i'7S 

iHsri'O 

4ft50*0 

^^^H 

^^Hn 

I2fi0*fl 

1H88-H 

4166-6 

U,  8.  C,  S. 

^^^H 

^^^B4 

,       tOl.V!* 

niM 

xim^s 

U-  B,  C,  8- 

^^^H 

^^b^ 

lIMIkVKS 

nm»-i» 

:w)i)'0 

U.  B,  C.  8. 

^^1 

^B^ 

KiMHl 

nm-o 

:j2H(vh 

^^1 

^^1^7 

mo'M 

umi'tm 

H2fM>;0 

GeoK  Bur, 

^^^H 

3» 

m^*m 

um^m 

Hlfvi'i) 

^^^H 

^ 

mi'W< 

H;th  im 

2HiH-n 

^^^H 

41) 

7ftH» 

H:is\'t 

:i.">mru 

u,  a  C.  H. 

^^m 

41 

VAtVllSti 

7i»4mmhi 

l^n^iUKI 

^^M 

4t 

a'*i***i7H 

*i!»4^44 

2iJH;4*:riH 

^^^H 

4>t 

iii»;i  4«T 

♦MM)-j«l 

19Hi)(>l»i> 

^M 

44 

-S;i=i*KiMii» 

1          -iWiHiB 

nmiMKKJ 

1 

^^^H 

-i"> 

1       ^Mnm 

-^Vi'-I 

it*B«i-fj6  : 

^^1 

4ti 

r^ri*iMu\ 

.VrfMW 

ifi-wno  '  tr.  H.  a  H. 

^^1 

41 

4H7'*il7 

.i;i3^aa;i 

lOiH^iM/ 

J 
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HoAipt — Scales  of  Maps.         [Proc.  Eng.  Club, 
Table  of  Map  Equivalents  givitig  for  each 


No. 

Scale. 

IT   T¥ 

Miles. 

Kilometers. 

Chaiii8. 
23-760 

Polei*. 

48 

0-29700 

0-47796    . 

95-04 

49 

TS  TV 

0-25000 

0-40232 

20- 

m- 

50 

TSt^^ 

0-2:^74 

0-38099 

18-9393 

75-75 

51 

TT    JTi 

018750 

0-30174 

15- 

60- 

52 

loAffo 

1   0-1578 

0-2.5417 

12-626 

50-.505 

5;^ 

Iff  loir 

0-15625 

0-251(K) 

12-500 

50-000 

54 

ffsOiy 

015151 

0-24376 

12-121 

48-484 

55 

tA. 

012500 

0-20112 

10- 

40-0(X» 

56 

i^\ni 

0-1136 

0-18378 

9-0909 

36-;^^K^ 

57 

Ronn 

0-09471 

0-1.5285 

7-5757 

30-»H 

.58 

X 

009375 

0-1.5092 

7-5000 

Sh'm) 

59 

zihfi 

0-078913 

0-12695 

6-31313 

25-2.52 

60     i 

tAv 

0-078123 

0-12582 

6-2.50 

25-000 

01 

Tiour 

0-07575 

0-121881 

6-OWKi 

24-242 

02 

l9tT! 

0-002.50 

0-100501 

5- 

20-<IOO 

♦>3 

itssxs 

0-05681 

•  0-091391 

4-.5303 

18-1212 

04 

Jj'fj 

0-0.5261     . 

0-0840;^ 

4-2060 

16-8242 

<« 

X 

o-a5 

0-08O4<56 

4- 

16-0<K» 

m 

JoSJi 

0-04734 

0-07610 

3-7787 

15-151 

07 

IVTJS 

0-04687 

0-07.541 

3-75 

15-000 

(^8     ' 

lAv 

0-0394.5     . 

o-oo;^w 

3-1.565 

12-626 

09 

iTo?y 

0-aS787 

0-0(J098 

3-0379 

12-1515 

70 

TsViff 

0-0312.5 

0-0502S) 

2-5 

10-000 

71 

TTilS 

0-02020 

0-032.507 

i-<m6 

6-406 

72 

TiTTff 

0-019728 

0-031097 

1-.5767 

6-307 

73 

Tl^Ji 

0-018939  . 

(HWOt578 

1-5151 

0*<M>0 

74 

TOSff 

0-017046 

0-02752l» 

1-.363*) 

5-4.54 

75 

?iff 

0-01515 

0-024:^70 

1-2121 

4-S48 

7(> 

T9I 

0-0132.58 

0-0213^) 

1-06057 

4-2420 

77 

0-012.5 

0-02011 

1- 

4- 

78     ' 

T2(J 

0-01130     . 

0-018378 

0-9091 

3-6.303 

79 

0-009471 

0-01528.5 

0*757.57 

3-0.303 

80 

0-(K)78913 

0-012695 

0-63131 

2-.5i52 

81 

liff 

0-007575 

0-012188 

O-606O»> 

2-4242 

82 

3«(J 

0-0O.5<)8 

0-009139 

n-45303 

1-81212 

83 

j(jiy 

0-(HH7;i4 

0-007010 

0-37787 

1-51.515 

84 

2    If 

o-oo;^787 

0-(KXiO98 

0-30379 

1-21515 

8.5 

ihs 

0-(Km2^5  " 

0-lK).5025> 

0-25 

1- 

80 

TO 

0-001,894 

0-(K)30.57 

0151.51 

0-(KM)0 

87 

5ff 

0-000947 

0-001.528 

0-07575 

0-,3I«0 

88 

l^^lVuT.f 

0-0(KKJ213 

0-001 

0-0497101 

01 988405 

89 

U*il 

o-ooa568 

0-(H)09139 

0-0453a3 

0181212 

1H> 

ll 

0-0(K)1894 

0-0003057 

0015151 

O-(KHN) 

91 

■'■ 

0-00001578 

000(K)2.536 

0-0012.595 

O-OO505 

92 

0-0(K)01ia35 

0-00<K)190 

0-0009467 

0-0(W787 

98 

; . 

0-00000789 

0-0(K)01268 

0-0006297 

0-<M)2525 

Phila.  1879.  No.  1.]       Haupt — Soak/S  of  Maps. 
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lineal  inch  of  Map  the  following  number  of 


No. 

Metres. 
477-96 

Yd8.  and  Ft 
522-72 

f  of  Actual 
t  Distance. 

1668-1 

Wl 

^ere 

48 

U. 

8. 

8. 

49 

402-325 

440-00 

1320-00 

oO 

380-99 

416-66 

1250-00 

u. 

8. 

c. 

8. 

51 

301-744 

330-00 

990-00 

-52^ 

254-177    ^ 

277-77 

833-33 

u. 

H. 

c. 

8. 

o3 

251-004 

275-000 

825-00 

54 

243-763 

286-66 

800- 

55 

201-125 

220-00 

660- 

56 

183-782 

200- 

600- 

57 

152-854 

166-66 

5(K»- 

58 

150-924 

165-00 

495- 

59 

126-a50 

138-888 

416-66 

u. 

S. 

c. 

8. 

m 

125-8238 

134-166 

412-50 

HI 

121-88175 

133-33:^ 

400- 

62 

l()0-562"> 

1100 

330* 

li:^ 

91-391 

100- 

3(K)-00 

64 

84-6334 

92-592 

277-777 

u. 

8. 

c. 

8. 

♦►> 

8U-046<$ 

88- 

264- 

(m; 

761057 

83-33,8 

250-00 

67 

75-4138 

82-5 

247-5 

^i8 

63-9673 

(i»-444 

208-33 

u 

8. 

c. 

8. 

69 

60-9811 

m-ims 

20(- 

u. 

S. 

c. 

8. 

70 

50-2?K)6 

.55 '.55 

l(m*66 

71 

;^2-5079 

;i5-">>) 

106*66 

u. 

8. 

c. 

8. 

— .> 

.SI  -697.^ 

.84-7*.>:>2 

I04*l(m 

u. 

8. 

V. 

8. 

7.S 

m-'uH 

XVX^^^ 

KM)* 

u. 

s. 

('. 

8. 

74 

27-520 

80- 

iM»* 

7') 

:i4-;^7(W 

'liS'ims 

80* 

76 

2r404<> 

2:H:i8:« 

70* 

1  4 

20112^^) 

♦>•>. 

m- 

7s 

1«:^7K2 

20- 

m- 

7i> 

15-2S;->4 

16-(>6() 

50* 

.S4I 

vim^ 

18-HHS8 

41*(MM) 

u. 

8. 

V. 

8. 

Si 

121K817 

18;^83 

40* 

S2 

9-i;^n 

10- 

80* 

K3 

7(>1057 

8-;^;^:^^ 

25* 

K4 

6-OlWll 

6-6()66 

20* 

K-> 

5M«KKi 

5*555 

16*(>66 

Mi 

8-0578 

8*8;W8 

10* 

u. 

8. 

c. 

8. 

S7 

l-52S.>t 

1*6(566 

5* 

SH 

1- 

l*OJW62:3 

8*280H(J9 

K<l 

0-91891 

1* 

8* 

fKI 

0m578 

o*38:« 

1* 

91 

0*025368 

002777 

0*08:^ 

f^J 

0019026 

0*020833 

0-0625 

as 

0-012684 

0*013888 

0*0415 

66  Hmtptr^-'Sealei  of  MapB.         [Prae.  Eag.  CM^ 


No, 

Kci 

TIT 
'¥  fV 

1  Mile, 
0*0068205 

■IKIloraeter 
0*006850    ! 

I  Chain,    1 

IPole. 

1 

"d 

0-00010775  i 

0HMMIQ2893 

2 

-09080 

•01882 

•000878      1 

•0000045 

a 

Tif 

fjfff 

-06000 

-08106 

•000$26      ' 

•00016825 

4 

TfV 

7MV 

•05280 

-08280 

•000680 

•0001650 

o 

TJFT 

•06250 

-08883 

•000781 

•00019625 

41 

•06336 

-08987 

•000792     ' 

•O0O198U0 

7 

•078125 

-04854      . 

•0009766    ; 

•0002441 

« 

•083334- 

-05177 

•001041 

-00028Q25 

U 

•09979 

-06199 

•001247 

•00081175 

10 

•10000 

•06213 

•001250      1 

•0008125 

11 

7V0Otf9 

•10560 

-06561 

•00182 

•OO0680O 

12 

•12500 

-07766 

•001562 

•0008005 

18 

•12672 

•07874 

•001684 

•0008980 

14 

•1584(» 

-00842 

•00196 

•0004050 

lo 

•16666- 

•10355 

•002083 

•00062075 

1« 

3  7!MfOD' 

•16H96 

•10498 

-002112 

•00062800 

17 

H0b60 

•20000 

-12426 

-00250 

•0008250 

IK 

•21120 

•13122 

-00264 

•0008800 

19 

•26400 

•16403 

-003300 

•00062SO 

1*0 

•31680 

•10684 

•008960 

•0000000 

:;»1 

•33333- 

•20711 

•004188      > 

•0010416 

•  M 

•39600 

•24605 

•004950 

•0012826 

:>3 

TsAob 

•42240 

•26245 

•006280      : 

•0018200 

l>4 

•50000 

•31067 

•008260 

•0016825 

2.-> 

•52»H) 

•32807 

•008800 

•0016500 

l*<i 

TVofftfV 

•633({0 

•39368 

•00792 

•OO1O800 

1*7 

(f  <r  (jtf 

•792<M> 

•49210 

•009900 

•0024750 

28 

w  g    nf  A- 

•8 

•497101 

•01 

•0025 

'JSi 

•82500 

•51261 

•010312 

•0026780 

:m) 

VOOOOO 

•62130 

•012500 

•00812a> 

31 

t«  u  A " " 

1.05600 

•65614 

•013200 

-008800 

32 

•^  # 

ff  0 

1.066666' 

•662801 

•OiaS33 

-00883 

as 

,iff 

ffV 

1.26720 

•78737 

•01585 

•0089625 

;u 

40 

Oii 

1.58400 

•98421 

•019800 

•004950 

:V) 

Iff 

ffri 

1.6 

•Jm4202 

•02 

•00500 

;^i 

■f  ti    B  '.• 

1-6(H>34 

rCKMKN) 

•020116 

•0060290 

87 

IV    ff» 

r650(H» 

1^02522 

•021W22 

•00515550 

:^8 

fff'  rt» 

vimmi 

1^0350J> 

•0208333 

•0052083 

8t» 

$3     i»J 

VHln^m 

M6537 

•023437 

•005850 

4<> 

•J11290 

r31228 

•026400 

•0066000 

41 

2  S    4  f 

2*50000 

1^553;U 

•031250 

-0078125 

42 

f  5    0<) 

2-5;«4;> 

^57474 

•aS1680 

•0079-200 

4.8 

J  .1  *  A  0 

2^6($6«W- 

1-65692 

•«J333-r 

•00a333i- 

44 

il     20 

3'00(NH» 

1-8644W 

•a37500 

-00a3750 

4.-) 

8'1<{8(NI 

r?MW42 

•03JHJ0 

-oomM>i> 

4«{ 

1  i(  1  Ti  Ik 

3-2 

1  •988414 

•04 

•oi<» 

47 

^  1 

I 'J. 

ou 

8'8<NNN) 

2-U->044 

•<m2.') 

•01O3125 

Yhkhu  tS79.  No.  U] 

Hauj^— 
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Mfi^mtdpahit  tkt^^t  ^  the  mrmu 

wsdft  mMP  M  UtCf  Wmch  ivs|SrAKiiC                                  ^^^^^H 

No, 

]         1 

1  MHm 

1  Yiird. 

iHMlO(>4m 

I     1  Foot, 

.           Where  Ufled.                    ^^M 

^mKMKlIfSt^ 

[(Military,)           ^^| 
Hben£iau*s  March  Map,           ^^H 

*! 

*<KHi»!W>i2 

'{nmnj^ 

M)(NHJ<li57;4-i 

^H^ 

MMMtlKiHH^ 

'iKMM»2H4 

*i^MWl<»fHfl  - 

^^^^^1 

^^K| 

'»KHKi:t2N^ 

■llfHNi^t^Nr 

■(KMMHIMHJ 

!  U.  a  C,  B.                                   ^H 

^■^^ 

HUKMUWH-^ 

(NKMUVj 

iW«MHlHa4- 

^  India,                                     ^^M 

^      ti 

'tin«ll<3^:?7 

•mnumyiut 

'(KHMllIillO 

K.  a  8.                                ^H 

^^■^ 

MWIIWUHH 

'fK«HM4'lH 

iXKM11446 

^^^H 

^^^p 

1     MHflMI.'»l7T 

^mMMMT;^ 

'tMMKJl.iTli  > 

H.  R.  Vir^nia.                         ^H 

^^^v 

'<MNKWni^l 

MMMMk^Hf^ 

■UMMHrjfvS - 

TT.  H,  C\  8.                                  ^H 

10 

'«K>fHlfJLn:i 

♦XNMtXiH 

-(NNHIlVHiNl 

U,  H.  Eng'ii.                                ^H 

ti 

*INttlltfk'Ui] 

♦NNMIWHI 

MHH*lll3tM> 

V.  K  C  H.                                   ^H 

V2 

MXK«l77(m 

nNNK)7lM 

■lMM>tJ2;^^)- 

EitK^  OnL  tSur.                            ^^H 

n 

-i«»r*J7.sT4 

"tHJ(K»7Lll 

(MHIf)li4^ 

r.  B.  C.  B.                                ^H 

14 

MKNN«*H4l* 

'INMKKNHt 

-IHKHiaOf) 

a  H.  C.  B.                                  ^H 

15 

*iif«H*KtVl 

'lHNNHi4(l 

■<K^MK'll53-t 

Ludlow 'h  Rep.                            ^^H 

16 

-liMtimi^H 

^tMNMHHill 

MNHNKH2IXJ 

^^H 

17 

*tKMii*J4:^t 

-rMNH];Ui 

HHKnm-^^i-^ 

Barni^H'  Fn.  M»]>,  1851.             ^^H 

I»S 

iNKUHl:;:; 

iKMHHHj 

iMN»(f4(NN> 

(A  K                                  ^^H 

m 

-iM>cf]4i4<i:{ 

-IKM^.j4N» 

'{MHKWi<M) 

U.  8.  C.\  H,                                     ^H 

tai 

MNN»1i)fiK4 

IKMIlHt^ 

'rilHHMWMl 

U.  B.  C.  B.                                   ^H 

:Ln 

MUMiL^iini 

iNK*lHli:^ 

*IMMNN»;ntl 

I/udlow.                                        ^^H 

iS; 

•(iiHrj4<trfc"i 

*iHMt2r2nm 

'iHMHmm 

U.  B.  C.  B.                                   ^H 

123 

■(jtMa;J4> 

*MMjii4iMi 

iHHN^M} 

U,  H,  C.  B.                                    ^H 

-M 

*1KKi:illNET 

mm:*H4ii 

'*NKXfr>46  r 

8ht^nt)an't»  Harcli,                     ^^H 

mt 

•||fK]Ci:JN>7 

-iirii:^(MNi 

nHMIlWH) 

V.  B.  C.  B,                                   ^H 

% 

*ii<Hi.'{JOi^ 

'INNCf^MMl 

•(K«H21I*» 

U.  B.  a  8.                                  ^H 

:fi 

MMi4*i::ni 

(NMt4-i4N» 

HKNll:'iilM«l 

U.  B.  e.  B,                             ^H 

iS* 

•*Kim!*71 

MMKa'>4.^i 

iMH115151 

^^^H 

:** 

tl*J<l.'jlLlil 

*tKK>4«W7r> 

*<MIC*l-"j^i:i'V 

Cn-4>i.  Bur                                        ^^H 

m 

-♦WNMi:ii:^j 

'tNNkVE^N) 

iMH1lS1».*^^-4^ 

Fretiiimt                                        ^^H 

m 

'<M«»i.j<Sl4 

'tUNHilKi 

'iMtsm 

U.  H.  e.                                    ^H 

M 

•♦KKWWili 

nnnniimm 

*(HM»2i  12*11' 

^^^H 

m 

-mmnj'Aj 

■<«M>72i> 

■<*«M>!>4^NI 

U.  B.  (^  H,                                    ^^M 

M 

-muni>*4'jl 

■(HMK«H» 

(NjiiaiNt 

V.  B.  U.  R                                     ^^B 

^% 

'tHHRWMl 

iNMKNHMI 

iM«iSlKi<J 

^^H 

^m 

'<K»n»(MN» 

MMKMII44 

'iunmHH 

^^1 

^^Bf 

■«i*lO:;^12^ 

^iHMmAirt 

■||CM«12^> 

fkHiLHiir                                      ^^^1 

^^K 

(KHoa-'* 

*MK«*47 
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VHI. 

THE  8TRBNGTH  OP  WROUGHT  IRON  IN 
STRUCTURES. 

By  Pkrcival  Roberts,  Jr.,  Member  of  the  Club. 
Bead  Oct.  lOfA,  1878. 

The  subject  to  which  1  would  invite  your  attention  this  even- 
ing in  the  strength  of  wrought  iron  used  in  constmcticm.  In 
lancient  times  philosophers  and  poets  were  wont  to  style  the  age 
^)f  iron  SIS  one  inferior  both  to  that  of  silver  and  the  brighter  one 
t^f  gold.  Now  all  is  changed,  and  the  nations  of  to-day  are 
nmkeil  in  tJie  scale  of  civilization  in  proportion  to  the  amount 
<i{  iron  consumed  bv  «u*h  individual  member.  In  former  times 
the  application  of  iron  in  constnic*tion  was  limited,  and  was  made 
by  guesswork  of  routine. 

An  anecdote  once  told  nie  by  a  foreigner  well  illustzates  this 
jHTiod,  which  I  trust  is  forever  past.  A  young  German,  a 
university  graduate,  obtained  a  position  in  one  of  the  prominent 
nia<*hine  shops  of  England.  Soon  after  entering  upon  his  duties 
he  was  given  some  hcjivy  piece  of  nuichinery  to  design.  Upon 
this  he  started,  and  while  engaged  in  calculating  the  strains  and 
necessary'  strength  of  the  various  parts  he  was  asked  by  one  of 
the  proprietors  what  all  that  "stuff"  (as  he  was  pleased  to  term  it) 
was  for.  Upon  being  told,  he  exclaimed:  "All  nonsense;  we 
<lon't  work  tha4t  way  here.  Go  build  the  machine,  and  when 
finished  start  her  going.  If  she  smashes  up  we  shall  know  what 
jwirts  are  too  weak,  and  if  she  goes,  all  right."  This,  I  fear,  has 
until  recently  l)een  the  practice,  not  only  with  machinists,  but 
with  too  many  who,  under  the  great  {mlladium  of  civil  engineer, 
have  pidmed  u{x>n  the  public  their  wares  in  the  shape  of  unsound 
bridges,  and  their  empiricism  has  only  been  made  apparent  by 
sonic  awful  cnish  and  the  investigating  labors  of  a  (kroner's  jury. 
At  tlu»  present  day  a  much  better  era  has  been  entered  upon. 
Th(»  once  depised  theory  is  now  both  the  handnmiden  and  the 
guide  to  the  formerly  all-[>owerful   pnvctice.     With  the  aid  of 
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muc*hiini<«  aiid  the  liij^htir  timthcuiiHtitT^,  with  Ktmiu  tabic*;,  ek%,  ti> 
guide  hiiu,  die  engineer  i»f  t4>-iUiv  g(»es  alKHit  liLs  work  by  no 
m<miid  sM)  bJiiidly  an  he  of  n  previoii!^  gejieration.  But  in  all  diest* 
tsileuladoiLH  it  ii*  of  paminomit  inijMn'tanee — imy,  an  afeoliite 
neoeiKit^' — ki  have  very  act^umte  daUi  its  re)jriUHls  the  ,stivngtli  of 
the  tmilf^m]  U)  be  nned.  Imn,  of  which  so  niueh  U  known  and 
alicHit  wbit^i  HO  ]ittle  is  itiKlerHtiXMlj  hikes  the  fr*rein<i8t  place 
itfuori^  the  et»n?^truet[ve  inateriak  of  the  |)»i^s^*iit  day,  and  cxmtx^rn- 
itig^  wliAt  ha8  already  l>een  done,  rather  than  any  new  theorie^i^ 
*^liall  I  niake  a  few  i\*nuirk.s  tliLs  evening,  A  very  nnfortnnati' 
(*iit.*u[it;stauee  h  eonneetjBcl  with  all  the  earlier  ex]>erimeut^  np>u 
itie  mtbjectp  namely,  that  while  we  have  no  laek  of  tabulates  I 
statements  gi^'"ig  tlie  numlwr  of  jKnuid.*?  required  for  tearing 
wuuder  and  i^nnpr^wiuja:  a  piece  of  wrcmght  iron,  we  are  left 
entirely  in  the  dark  as  regai'd?^  the  metlnidii  eni[>loyetl  and  the 
i^hjijii^  and  sbcs  of  the  spe<:?inien.s  0{>erated  on,  upon  which  even'- 
Utiitg^  iie|>eucLs* 

Mr.  S,  Hughes,  wnting  for  the  AritMnn  under  date  of  Febni- 
afy,  1858,  well  ^uni^up  iu  the  following  ?*eiitenoe!?  the  knowledge 
then  p*8eaB4.*d  etmeeniing  the  strength  of  iron:  ** There  m 
pn>bably  no  bmneli  of  ex jjeri mental  inquiry  in  whieh  more 
vmr^itig  and  diri<?ijnlant  rennltrt  have  lit»cni  attained  tlian  in  that 
which  ueeb*  to  determine  the  al)rtolnte  strength  of  wrought  iron 
Eiut^eeted  to  a  tensile  strain ,  ur  to  the  ac*tiou  t>f  a  weight  appHeil 
to  tfiftr  it  ttriunder.**  It  may  Ik*  well  U}  remark  that  the  above 
dbeonlant  r^ultb  varied  l>etw^*en  tlie  Uinit«  of  90,000  pjuniLs 
ami  50,000  [Kiunds  jkt  t^iuajv  iueh  for  the  ultimate  tensile  ntrain 
— tnilv  no  ven^  iHjmfort4d»le  data  iiinai  which  to  base  one's  mien- 
:in^.  In  the  year  1864  appoart*d  a  volume  of  some  200  pages 
1mA  Ul  platt^,  put^lishwl  at  (|lasg*)w,  entitled  "  Re^sulta^  of  an 
Experimental  luqnint"  into  the  Tensile  i^trength  and  other  Pro- 
perties of  Various  Kindi^  of  Wrought  Iron  and  Steel,"  by  David 
Kirkaldy,  untiertjiken  for  the  Me^^srs.  Xapier  &  Semi*,  and  fnrther 
enlargetl  upim  at  the  instigation  of  the  ISt^ttis^h  Shipbuilders' 
Aftptdatiou — a  volume  whieh  tevnlay  16  out  of  print ;  yet  the 
invc^igfitions*  and  tx»nclii^ion.s  therein  ree^jnlt^l  live  in  alniui^t  all 
die  worlo*  of  later  ^mters  upon  this  subjeet.  Mr.  Kirkaldy,  at 
the  outset,  w^itb  great  gootl  jiulgment,  perceived  the  ernjrs  oi" 
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hin  predecessors  and  endeavored  to  avoid  them,  especially  by 
giving  the  fullest  details  in  regard  to  experimentB^  even  at  the 
risk  of  l)ecoming  tedious  and  uninteresting.  His  conclusions  no 
doubt  arc  familiar  to  all,  so  that  I  shall  mention  bat  few  of  the 
more  important  ones,  prominent  among  which  is  that  arrived  al 
■ooncerning  the  shape  of  the  test  piece  with  reference  to  the  tensile 
strength  obtained.  He  found  that  if  a  bar,  instead  of  being  of 
})arallel  sec*tion,  l)e  turned  down  by  sinking  a  fillet  into  it  so 
that  a  miuinmm  section  occurs  at  but  one  point,  that  specimen 
wouhl  stand  a  much  higher  strain  before  breaking  than  a  piece 
from  *  the  same  bar  whose  section  was  parallel,  the  former  con- 
tracting none  whatever  at  the  point  of  rupture,  while  the  latter 
would  be  much  reduced.  The  mean  of  14  experiments  gave  on  ' 
the  grooved  section,  73,942  pounds  per  square  inch,  while  the 
same  Imrs  not  grooved  showed  but  62,256  pounds  per  sqnare 
inch,  a  differenct*  of  11,686  pounds  in  favor  of  the  grooved  * 
section.  He  also  pointed  out  the  importance  of  taking  into 
account  the  reduction  of  area  of  specimen,  and  sums  up  the 
results  of  his  experiments  in  a  set  of  sixty-six  conclusions.  The 
b<M>k  is  full  of  interest  and  will  well  repay  perusal.  Mr.  Kiric- 
aldy,  however,  made  one  ern)r  in  a  point  which  he  endeavored 
to  ^uard  against,  namely,  in  omitting  sufficient  mention  of  the 
sizes  of  the  iron  fn)m  which  his  test  pieces  were  taken,  and  his 
results,  which  are  for  the  most  part  rather  too  high  for  ordinary' 
iron  of  moderate  dimensions,  lead  us  to  conclude  that  tlie  bars  • 
ih)m  which  his  test  pieces  were  taken  were  of  the  very  small 
sizi^s.  I  will  not  mention  the  labors  and  results  of  Fairbaim  in  • 
England,  or  of  the  investigators  on  the  Continent,  for  time  will 
not  suffice. 

To  test  (H>rrectly,  a  fundamental  requisite  is  the  reliability  and 
fitncKS  of  the  testing  machine  employed.  Since  the  days  of 
Kirkaldy's  experiments  many  improvements  and  new  machines 
have  come  into  existence.  The  plain  and  cumbrous  lever,  Avith 
its  huge  loa<l  of  weights,  has  made  way  for  more  complicated, 
but  I  oaumot  say  more  accurate,  machines,  among  which  may  be 
mentioned  the  one  using  a  hydraulic  jack,  the  weight  being  r^ 
istereil  through  the  pressure  in  the  cylinder;  also  the  screw 
machine,  where  force  is  obtained  by  means  of  a  powerful  screw.  But 
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ij  «ImoKt  111!  tlie?^  the*  var)^in^  Liiiioiiut  of  friction,  whether  in 
jtlitt  h^vtlniulie  flicking  or  the  Hcrew,  iJitrcKhieey  ^^  great  a  fiu^tor 
uf  miwrtaintT  n^  to  niakc  the  nmehiiie  utterly  worthless.  There 
If  lit  the  pres€?iit  time  a  testing  nuiehine  Imilt  hy  the  Messrs* 
Ki«'li)e  Biviri,  of  this  eit\%  wlii(*h  M'ith  iti^  latiM  improvements 
wms  t*i  eome  up  to  nil  the  reqtiircmenti?  we  may  iiee<].  The 
fripc*  m  applit**l  by  nieaii^  of  a  hydraiilie  jack  worker!  by  three 
pYtin{i^,  whic*h  nif  drivou  by  power,  the  objei't  of  the  three*  Ix^ng 
Vf  ulwa%>  have  ane  in  ju.ti<in,  so  that  the  ^tniin  l>e  evenly  applied 
nd  ntif  by  ji^tk!*,  which  in  the  iwm  where  a  lever  and  two  ptimps 
re  emph*yecb  The  stniin  applied  is  weighed  iipcni  a  l>eani 
ttachi^i  to  the  other  end  of  the  sj>eeiinen,  so  that  we  get  without 
dnabt  the  aelual  fiiFr^  acting  ufKni  the  piee«.  One  piiiit  in  their 
lUiU'fiiiie,  hoivcvir,  I  feel  that  I  niniiot  tiM>  heartily  eoDdemn,  ^ 
namely,  their  nu'thtid  of  gnyjping  the  te.st  pii'CT  l>y  nteel  wedges  - 
wiih  r»>iighene<l  suHiiees,  whereby  distortion  of  ^jieinmen  tstkf^ 
plaice,  and  I  eamiot  help  thinking  that  tlie  gtnuu  in  many  teases 
U  not  tnin«niittt^i  inutdlel  to  the  axis  of  tlie  bar,  giving  re&ultf^ 
vchh^i  are  nttt  strii  tly  eori-eet.  And  to-daVj  when  m  much  imn 
mip^i  be  guimuitetHl  m  reganb  strength,  and  wiiere  a  difttTenee 
iif  a  fow  hnndn^d  |Hnin(b  may  reject  or  admit  a  H|M?("itiaition  of 
many  tons,  w*e  fitnnirt  \m*  imt  eaireful  in  the  niethiMlg  eniplovetl. 

Tntil  ver\-  re<'ently,  ex|>eriraent/i  in  this?  tH)nntry  upon  the 
>tnr»glh  of  wronght  inm  for  constructive  purjMJnes  have  l>een 
4Miii^piruonft  fr»r  their  al)»*euce.  It  m  true,  very  eomfdetc  investi- 
pi(t4inx  had  f>een  carried  on  by  officers  of  the  Ortlnatioc  Dep^irt- 
im*nt  tijMin  the  fitness  of  varifms  metak  for  the  mantifiirturc  of 
cunn*»ti,  yet  for  itnlinnry  use*  little  wa.^  knimri  except  what  wa^ 
^IfuiH'it  from  English  wr^rkfi  and  English  conclusions  ujnm  Eng» 
li^i  ]n>tijs,  wliie'h  in  many  ini*tances  are  entirely  dissimilar  from 
AttiiTic^iii  linmds.  When  i^pccifieatiims  for  bridge**  were  given 
<*m  it  wjLH  tmpiciitly  made  a  wndition  that  Buch  and  snch  mem- 
l»ent  i!ihoul(l  be  mmle  from  certain  brands  of  Sngli^h  serap, 
whi^'li  Were  Ijclicvetl  to  be  far  su]f>erior  to  anything  manufactured 
in  ihb*  tHttmtry.  Lately,  hiiwever,  we  have  awakenctl  to  the 
ily  of  a  full  and  complete  knowledge  oonceming  tJie  qual- 
of  *Hir  own  Anierimn  produety  of  iron  and  steel,  and  the 
1^  niachlue  which  to-day  stands  utifinii^hed  in  the  Watertown 
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ArHcual  ka  monument  alike  to  Aniorimn  gi*mu^  mid  mwlmnioal 
skill,  and  a  di^rm?e  t<j  the  t^hort-^i^Ut^d  L-ciiiiomy  of  her  rej»rt^ 
i^Dtative;  in  office ;  for  wei\  it  but  t-<>mplettil  it  vviUild  \n^  the 
most  iKJwerful  and  aet^urate  ajarhim*  in  exiMeritv,  i^EijMihlc  nf 
ttii^ting  the  longes^t  and  largenit  Imm  m  their  niilund  <H>uditii«j*  ■ 
An  a!jt4tra«*t  by  Mr  Hi»lley,  one  of  the  fneiidierw  of  the  Uniti^i 
Htatess  CoinmiH^ion  for  testing  inui^  ?^teel,  etf.,  nf  the  r©*nlt>*  _ 
obtained  by  the  He(*tinit  ai)jM)intei1  for  testing  irrui  fur  i^ble^,  ■ 
^vhieh  has  apjieared  dnring  the  prttit^nt  yenr,  j^ives  isfinie  very 
interuHtuig  conehision??  dmvvn  from  their  wt*rk,  whieli  einbraoed 
over  two  thou^sand  tensile  tcst-^,  inieh  sliowin^  ela-^tie  limit,  vUm- 
lotion  and  redn«»tion  of  area  ;alw  42  «>injdeteeheuiinil  aualyt^^^ili 
i^nneetion  with  tlie  aKwe  i>hyrtical  tests.  The  j^reat  dlffieulty^ 
however,  whleh  <K^'iin*  witJi  all  umintitive  eliemit^fl  analyfl*** 
upon  the  subje*3t  h^  that  when  wi;^hin^  to  <>lir^*rve  the  otfetTt  of 
any  one  eon^^tittient  in  var>^ing  pr^j]M)rtii»iis  it  i.^  im^HM^itde  to 
keep  the  remaining  elenientft  miehanged  ;  for  iiMtain^,  t<»  hold 
phij8phoruH,  sniphur,  silicon,  etc,  at  a  fixed  jiereenti^^,  while 
c^rbcm  ie  pliicie<l  in  the  asf^endinj^  or  de?^'eiidinj^  ?sctile;  for  I  f*n 
my  t^mfidently  that  with  all  care  no  two  lmit>i  of  in>n,  nay  no 
two  bars  in  the  same  Iieat,  from  the  isame  pnddling  funtsiee, 
worked  by  the  .sanie  meUf  will  Ix*  snimilar  In  their  ehemictsil  mm^ 
fKK^ition.  Amoii|^  the  more  im[x»rtant  ef^nrhLsionn  dniwii  irt  Mr. 
Hoi  ley  ^«^  jmjjer  in  the  (riiiiiioetion  lietwet*n  tensile  ?!tn*ngtli  and 
reiluction  of  area  of  pile  by  ni  11  ing — ^naniely,  other  thinp^  Imln^ 
e(|nal,  the  greater  the  .section  of  pile  the  gnniter  tbe  .strength  of 
l»ar  rolletl  from  it.  This  fact,  although  known,  I  anj  t^tTtain,  t*^ 
Home  mamrfaeturerSf  apf>earstbr  the  tii'st  time  njion  rei^ord  in  tli*'  ■ 
labors  of  this  CHjm mission,  and  bus  aln^idy  Iwirne  ver)*  |£^»»xl 
fruity  a;^  niay  lie  shown  by  the  foli<>wtng  quotutinii:  ^  **In  w^- 
oonlance  with  the  faet^,  the  United  States?  Tesst  Boattl  hasshcmii  ■ 
by  trial  the  umsafet}-  of  the  adminiltv  prriof  tablt^  for  chain 
ctiblej  and  ha^^  pmjMU'eil  new  ont^,  and  aW)  new  tabh^s  i*f  the 
rfrength  of  different  sizetl  bars.  The  Ixmnl  has  ileinonjstraii^l 
the  tenacity  oi'  2-ineh  bar  for  cliain  eabh^  fihonid  b**  lietweeu 
48,lXKi  and  52/XXJ  pnundn  jier  ,s4|nare  in<^h,  and  of  1-ineh  Imr 

*  Thv  Strength  *>f  Wrought  Iron  as  Affkrted  bv  its  C«m|X3flitioii  nnd  by  its- 
Kf^uciioQ  in  RoHing.    By  A.  L.  Holley,  Ph.  B.,'l878. 
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between  53,000  and  57,000  iKiuntb."  A  ftu't,  I  am  sure,  at 
whicli  even'  one  will  rejoic'e  who  lias  ever  attcrupteil  to  L^cirnplj 
vdth  the  former  too  high  ^iieoificatiuns*  Allow  me  to  give  the 
i^ndiHoEx^  ixMjuired  by  the  Pennsylvania  Railroad  Co,  to  be 
foltillttl  l>y  iron  to  be  iLsiid  iti  itB  brklgejSj  a^  representing  the 
avt^ruge  specification^^  of  the  present  tirae ;  and  with  a  few  re- 
iimrk^  ujK>n  the  stimej  I  shall  bring  thig  too  ranil)ling  i*ai>er  to 
a  clii^.  The  recpjiremenL^  are  -ds  follows:  "All  the  wrought 
iron  most  be  of  the  best  qualit^^,  tough  and  fibrous,  free  from 
flawi*  and  injurious  emek«  along  the  edges.  All  the  iron  Ln  thi* 
tensile  niendx'i^,  tower  ehonU,  teuj^ion  diagtuialsj  lateral  and 
kilts,  niUftt  l>e  double  njltcd  from  the  niiiek  Imr  diret't ;  no  st*mp 
will  l>e  allowal  [and  must  be  capable  of  su^tuining  an  ultimate 
utTKm  of  *>0,00U  jKunulB  fier  s^uai'e  Inch  on  a  turuefl  down  or 
grooved  iset^ioa,  with  no  jjermanent  s<.^t  under  25,000  i>ounds 
per  ^uatx!  inch].  Wn)Ught  iron  will  also  h^  aceeptiible.  upon 
the  follffwing  modifiaitionK  of  that  [mrt  of  the  s[)eeifimtions 
induced  in  braeket^^  and  mimt  Ik?  capable  of  sustaining  an  ulti- 
L|iite  tatudle  stress  of  50,000  poundis  per  scjuai-e  iuch  on  a  full 
neetioii,  with  no  permanent  s(?t  under  25,000  pounds  per  sfjuare 
inch, and  witli  a  minimum  stretch  of  20  j>er  t^nt,  under  ultimate 

I  eonnlder  tJie  test  piece  witli  groved  section  m  utterly  worth- 
for  ;uiy  intbrnmtion  which  may  be  rcfpiiretl  conotTuing  the 

lerial  undtr  examination.  It  represents  an  entirely  artificial 
eimdition^  and  one  wliich  rarely  if  ever  oecuri*  in  praetiee.  An 
iron  which  would  fill  the  abt^ve  requirement  in  all  respects  might 
hi*  utterly  wf>rth]ess  for  tension  purposeii;,  veiy  hard,  with  low 
limit  *>f  elasticity  and  no  ductility  whatever.    Upon  no  eon^ider- 

>n  would  I  allow  iron  for  any  pnrijose   to  Ix*  tt^te^l  by  the 

>v€  method.  On  the  other  hand,  the  parallel  Motion  repre- 
mitB  the  natural  manner  in  which  the  material^  for  the  moti^t 
part,  ha  UMt^ ;  from  it  elastic  limit  and  ductility  may  be  ol>tiuned_^ 
two  things  aliout  which  we  know  nothing  In  the  first  method. 
To  asfx*rtain  the  limit  of  elasticity  very  aci-umtely  is  surely  of 
more  importance  than  to  have  tlie  tensile  strength  to  witldn  a 
few  thoiu^and  jKiunds ;  for,  strain  a  piece  beyond  this  limit  ami 
no  matter  what  ita  ultimate  strength  may  be  it  is  but  a  question 
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of  time  when  rupture  will  ensue.  A  soft  irbn,  admirably  adapted 
for  resisting  shocks,  may  have  an  excellent  limit  of  elasticity, 
great  ductility,  and  yet  tnay  not  come  up  in  ultimate  strength 
to  an  iron  in  every  respect  much  its  inferior,  so  that  I  think  if 
our  factors  of  safety  were  only  proportioned  to  the  elastic  limit, 
rather  than  to  the  ultimate  strength,  much  safer  and  more 
accurate  results  would  be  obtained  than  by  the  methods  now 
employed.  Too  many  seem  to  be  governed  by  the  motto'  "Safe 
if  unbroken."  Again,  a  few  words  occur  in  the  specification 
the  importance  of  which  is  not  generally  recognized,  nor  are 
their  reciuirements  always  enforced.  For  tension  members  they 
say  all  iron  "must  be  double  rolled  from  the  muck  bar  direct" 
It  is  not  sufficient  that  the  bars  stand  the  required  pull,  but  that 
they  mast  be  double  worked ;  the  additional  factor  •  of  safety 
which  is  added  by  so  doing  is  more  than  is  usually  believed. 
Every  time  a  bar  is  reduced  and  repiled  with  other  bars,  so 
much  less  is  the  risk  of  having  a  finished  bar  composed  of  a 
number  of  pieces  of  poor  iron.  I  would  urge  upon  engineers 
the  extreme  importance  of  this  point,  that  they  do  not,  by  reason 
of  a  mistaken  economy,  jeopardize  the  lives  and  happiness  of 
many  thousands  of  people,  rather  than  pay  the  slightly  increased 
cost  which  this  double  working  will  entail.  It  is  now  much  too 
often  only  required  that  the  bars  stand  such  and  such  a  pull,  no 
further  stipulations  being  made.  In  regard  to  the  strength 
required  when  the  bars  are  too  large  to  be  tested  in  a  natural  state, 
shall  test  pieces  be  cut  and  turned  from  them,  or  shall  the  same 
iron  be  rolled,  say,  into  an  inch  round  and  tested  in  original 
section  ?  For  the  manufacturer  the  latter  would  be  much  the 
more  fair  of  the  two,  for  by  the  time  a  piece  is  takai,  for  in- 
stance, from  a  7  inch  by  3  inch  flat,  intended  for  an  eye  bar, 
turned  and  planed  down  into  a  test  piece  of  probably  f  incli 
diameter,  it  does  not  represent  the  quality  of  the  whole ;  nay,  it 
matters  considerably  whether  the  test  piece  be  cut  from  the  front, 
middle,  or  back  part  of  the  bar ;  that  from  the  front  of  the  bar 
wdll  give  higher  results  than  one  taken  from  the  back  part^  when 
the  bar  is  worked  upon  a  two-high  train  of  rolls,  owing  no  doubt 
to  the  inclosed  cinder  being  worked  toward  the  last  end  of  the 
bar  which  passes  between  the  rolls.     If  there  were  testing  ma- 
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diineB  strong  enough  to  take  a  bridge  meml>er  direi't,  it  woidd 
i)e  the  only  proper  and  pre-emineutly  jiLst  isiiuiuer  in  which  irou 
^^bmild  be  tei^ted,  but  until  thc>^  maichiiic^  are  forthcoraiug  I 
thiDk  the  other  method  of  prejiaring  test  piect^  ybould  be  ad- 
hen^l  to.  In  et^nehisioii,  let  me  urge  ujwu  yoa  tht*  iinportanfe 
of  frequeot  aiitl  iK^unite  te^t^ ;  buy  no  in>ii  tVc>ni  any  man  with- 
out taste  of  the  8tuue.  It  will  iftimulate  manufacturers  to  greater 
carcftdue^  in  the  prejiaration  of  their  products ;  a  higher  elass 
of  gmxk  will  be  phieed  ujxi^n  the  market,  and  structure*^  will 
m\m  concerniug  the  mfety  and  stability  of  whose  niaterial  no 
4>tie  cim  question  or  double 
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\s  THE  Mtrrnic  System  of  WBroHis  and  Meabueis. 

Pr€MCntcd  April  Hfh,  1878. 
To  ihe  Engin&eri  Cltib  of  Phikifielphia : 

Tlie  comatittee  to  whom  ivaH  refer reil  the  eommuiiimtion  and 
ciitnilar  rt-ceivetl  from  tJie  B<4e^ton  Soc^iety  of  Civ'il  Engineers, 
asking  the  tx^H^j^eration  of  the  Club  (a)  to  ytt'ure  unanimity  of 
tiofi  among  the  engineering  pri>fes.Hi*.n??/t*jward  introchicing  the 
letrie  System  of  Weight-^  and  Mi'asures,  and  (b)  to  }x^titlon 
Conj^nv?s  ft>r  siieh  le^islaticm  a.^  may  jirocure  itH  nni vernal  adop- 
d<m  ill  the  Unitetl  States^  respectfully  l>ega  to  reix^rt : 

That  sm  the  siibjoet  of  the  advautageij  of  the  seveml  gyatems 
of  weiithta  and  measures  employed  by  diflerent  nations,  ha>^  been 
m  tjopioiisly  c\>nsidertHl  during  the  paj^t  deiwlej  by  nutional  and 
international  t^>nventicms  and  by  ^scientific  siM-ietict^  throughout 
the  worhi,  your  efmirnittee  has  not  thought  it  juhnsid>le  U)  discuss 
anew  tJie  merits  of  the  seA^eral  systems  profxjseil,  but  have  a^  ailed 
therriRdve*i  of  tlie  ejcisting  literature  and  have  bailed  their  report 
tliereou, 

Firtd^  Tlicy  recall Lze  in  the  Metric  System  of  Weights  and 
Mensural  the  mo8t  dt-strable  S3  stem  of  notjitiori,  either  for  theo- 
retliBl  eomputatjon  or  for  measurements  in  the  sciem^es  and  pme- 
tioal  ta:tB^ 

&oimd.  They  would  heartily  recommend  the  use  of  this  sys- 
tem to  all  scientific  and  pnicrtical  men  ;  they  advise  its  free  intro- 
dactiQa  intx>  all  original  literature  bearing  liirectly  on  professional 
work^  rBeominending  the  eonjoijit  use  of  the  English  notation 
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with  it,  in  order  to  familiarize  the  public  with  its  practical  utilityj, 
which,  if  accomplished,  will  constitute  one  of  tne  most  impor- 
tant means  for  its  final  and  universal  adoption. 

Third,  They  would  also  recommend  its  gradual  introduction 
into  machine  shops  and  in  all  practical  work  wherever  possible. 

Fourth.  They  would  request  that,  in  all  papers  read  before  the 
Club,  the  Metric  System  be  used  conjointly  with  the  En^lish^ 
and  that  on  all  maps,  sections  and  drawings  a  metric  scue  be 
placed,  for  comparison  with  the  ordinary  mile,  foot  or  inch  scale. 

Fifth,  The  committee  deprecates  the  immediate  compulsory 
adoption  of  the  Metric  System  by  State  or  National  l^islation, 
and  considers  that  it  would  be  a  work  of  supererogation  to 
attempt  to  compel  any  class  of  men,  either  technical  or  practical, 
to  adopt  it  to  their  personal  or  pecuniar}'  loss. 

Sixth,  They  recognize  the  compulsory  education  of  the  chil- 
dren in  our  public  schools  in  the  Metric  System  as  one  of  the 
most  important  means  toward  its  ultimate  adoption,  and  would 
recommend  to  the  State  and  mimicipal  authorities  throughout  the 
United  States,  the  enactment  of  such  legislation  as  shall  make 
the  system  familiar  to  the  working  classes. 

Seventh,  In  conclusion,  your  committee  heartily  approves  of 
the  establishment  and  maintenance  of  the  permanent  Interna- 
tional Bureau  of  Weights  and  Measures  {Bureau  International 
des  Poids  et  Me^ures)^  at  Paris,  with  the  object  of  promoting 
permanence,  precision  and  uniforniity  in  the  standaras,  at  the 
proportional  expense  of  the  contracting  governments,  and  con- 
siders it  of  the  highest  imix)rt4Uice  that  such  appropriations 
should  be  made  by  Congress  as  shall  secure  for  the  IJnited  States 
a  i>ermaneiit  representation. 

Respectfully  submitted  by  the  committee : 

Rudolph  Hekino, 
Wm.  D.  Marks, 
Coleman  Sellers,  Jr., 
Henry  C.  Lewis, 
Chas.  a.  Ashburner, 

Chairman. 

After  the  reading  of  the  report  the  following  resolutions  were 
offered  by  Mr.  Wm.  F.  Sellers,  and,  upon  motion,  were  adopted : 

Resolved,  That  the  reix^rt  of  the  committee  be  accepted,  and 
that  it  be  incorporated  in  the  minutes,  with  a  record  of  the  vote 
of  the  members. 

Resohedy  That  the  report  ha  printed  in  legible  form  to  be  dis- 
tributed among  scientific  societies,  public  institutions  and  autho- 
rities, asking  co-operation  to  bring  about  the  desired  change  in 
the  sj'stem  of  weights  and  measures.  ..... 
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BoAHf>    FOR  TE8TIXtf    IrON,  StEFJ.  A  Nil  (KTHER    METAIJ^. 

I^eMrntrd  Mat/  Ath,  1H78, 

To  the  Senate  and  Housv  of  BepfrJttnkdireM  of  the  United  States 

m  Congrem  ajtsetuhiefl : 

The  Engintrrs*  Club  t>f  the  City  of  Philadelphia  roj^]MM'tiuUy 
j«-tition  VHiir  honomblc  Ixxlitv  tij  tiJiitinut*  thf  jippiNjjjriation  to 
Uie  L'jiited  States  Btjaitl  ivr  Testing  Iron,  Hteel,  (?t<\,  and  urg^e 
in  *?uppoi1  of  }=iidi  nxjiiR^t  tln^  tbltowiiig  rcii5t>nH  r 

1.  The  olrjeci  h  important^  Tho*^?  t-oiivemint  with  txiiLStrao- 
tive  works  are  aware,  in  a  ^rt^ter  degree  [>erhaj>B  than  the  gen- 
<'nd  publie,  of  the  iinmetise  igiioniiR'e  exi^^tiiig  in  regard  to  the 
?^trpn|^h  of  niatf*rtals.  All  the  table?i  and  rules  relied  on  by 
<*ngiiieor>t  art*  Ija^-d  upon  ex  peri  in  en  ts  ma<le  long  agc»j  and  made 
without  reganl  to  the  eheniicul  etinipoi^itifin  of  tlie  metals.  Be- 
>tdt>^,  the^e  tes^t*^  were  made  witJi  what  may  be  ealltd  miniature 
pieecsi  of  metal,  while  nothing  is  mnre  wrtain  than  the  fact  that 
mm  or  i^teel  in  large  mas^ics^  differs  in  i^treiigth  verv^  grcmtly  from 
ihe  same  metal  in  small  t^t  piecefi.  Moreover,  all  tlie  published 
testii  from  wliJeh  the  rules  are  deduced  were  made  with  foreign 
materiii]t!«^ — ^no  sy*4temntie  te8t«  of  Ameriean  iron  having  ever  been 
made,  except  for  ORlnanee  pu^tK)8et^, 

8iiice  then  the  whole  worltt  of  eon.structive  mechanies  has  been 
rtn'obitiiinijced  by  the  eheai^ening  of  steely  which  hn^  made  this 
■a  pnwtjcul  material  of  e< instruction.  It^  use  hii^  luereasetl  enor- 
in^>usty  for  every  purjwifM^  in  the  median ie  art^s,  from  ship  and 
U liter  plates  tti  bridges,  and  yet  wc  know  almost  noUiing  about 
the  variations  in  the  projierties  of  Kteeh 

2.  The  ofjj*H  i44  not  if  mat.  In  a  matter  of  Kueh  univerKil  appli- 
cation the  whole  (*<juntry  ii?  inteifi^tiHl.  Every  one^  for  inBtaiiee^ 
travek  by  land  or  water,  and  Ls  eon«?rnetl  in  the  question  of  tlie 

ifety  M*  bridges  and  Ixalers, 
And  yet  it  ^annnt  lit*  exjux'tetl  that  private  j>ersoii8  or  scientific 
a^^xmtiiiii^  slnmld  Ije  able»  however  willing^  to  expend  the  con- 
^idenibk*  t^nni^  t>V  money  i^piiixxl  in  a  thonaigh  inve??tigation  of 
the  kind  pro|HJ!setL  Nor  wt*uld  the  .mime  e^jnfidenee  l->e  placed 
in  re?^uk**  ri)  tibtaine*!  a^  would  U;  given  to  tlios^e  over  wldeh  the 
goveniment  exerei^ieil  dii'e<'t  rontrok  Unle*<e*  it  h  undertaken  by 
the  nation  fetr  the  natiivn  it  will  not  Ik?  done  at  all*  And  surely 
a  nation  which  ha^  always  Im/c^u  nioj^t  liberal  towanls  purely  r?ei- 
cntitit.-  ol>jcfts — wljirh  ha^  s|>(.^nt  it^  hiui<lreds  of  tliousand.i  in 
geok^iatl  and  a^stmnomitul  work,  will  ntjt  hesitate  Uj  devote  a 
iDodentte  sum  to  a  pur|)Ose  of  sueh  immense  importance. 
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3.  The  continuance  of  the  Commission  is  eooncfnioal.  The- 
appointments  made  have  been  eminently  satisfaetoyto  the  pub- 
lic. The  Commission  have  gone  through  enormous  preliminarjr 
labor,  and  have  cleared  the  ground  for  effective  work.  Thejr 
have  directed  the  construction  of  a  machine^  the  largest  in  we 
world,  now  almost  completed,  for  the  purpose  of  testing  bare  of' 
the  full  size  used  in  actual  practice.  They  are  now  prepared  to 
work  efficiently  and  rapidly. 

If  Congress  now  refuse  the  appropriation,  and  the  Commis- 
sion is  dissolved,  all  this  labor  will  be  lost,  and  a  new  commis- 
sion would  have  to  go  through  the  whole  preliminary  work 
again.  Meanwhile  the  cost  to  the  country,  both  from  the  use  of 
unnecessary  material  in  construction,  and,  which  is  worse,  from 
the  losses  and  accidents  caused  by  the  use  of  too  little  material,, 
in  obedience  to  the  old  rules,  will  for  every  day  of  such  delay 
amount  to  more  than  the  total  appropriation  asked  for  the  Comr 
mission. 

And  your  petitioners  will  ever  pray,  etc. 

Committee  to  prepare  memorial : 

Wm.  a.  Ingham, 

Chairman. 
J.  S.  Bancropt, 
Percival  Roberts,  Jr. 


III.    Memorial  to  the  Lecjislature  of  Pennsylvania,. 
IX  behalf  of  a  Geodetic  Survey  of  the  State. 

JRead  October  Idth,  1878. 

To  the  Seruvte  and  House  of  RepreserUatires  of  the  State  of  Pewnn 
sylvania,  in  Ijegislature  assenMed : 

The  Engineers'  Club  of  Philadelphia,  and  the  undersigned 
residents  of  the  State  of  Pennsylvania,  respectfully  j)etition  your 
most  honorable  bodies  to  enact  such  laws  as  will  provide  for  a 
thorough  Geodetic  Survey  of  the  State,  and  the  accurate  and  per- 
manent location  of  all  county  and  township  lines ;  and  urge  in; 
support  of  such  request  the  following  reaisons : 

1.  The  demand  for  such  work  is  imj)crative.  Those  conversant 
with  the  various  majxs  of  the  State  and  of  the  several  counties, 
are  aware,  in  a  much  greater  degree  than  the  general  public,  of 
the  very  gross  errors  which  abound  in  the  location  of  important 
l)onndary  lines,  roads,  streams,  etc.  The  need  for  more  accurate 
(lata  has  been  keenly  felt  by  ever}'  engineer  and  geologist  in  the 
State  who  hus  attempted  to  make  use  of  existing  maps. 

The  following  extract  from  the  Preface  by  the  State  Grcologist 
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t»>  R€|.K>rt  of  Pro^rf^  (i,  t^huws  Jiow  tiiuch  tliu  iikit^iioe  uf  t'orrect 
Diap  lia^  been  felt  in  the  pn^genaitioti  oi'  that  work :  '*  I  regret^ 
mt)re  than  1  t^n  exjire:^,  the  iin|>erfts'tir>n,sof  tlie^  iria^t.-s.  They 
neither  fit  fin  to  uaeh  other,  nor  nirre-^fionfl  to  any  eomnion  ^-itanil- 
niajh     In   faet,  there  i*^  no  sii<;h  stsmtlanl  map  in  exif^tenee. 

be  re  ;ire  etjunty  niajxs,  .^>me  of  tlieni  very  olii^  rmt  of  print^  and 
itiiptJHHtble  to  tjhtain except  hy  hmnfrom  tlieir  owners;  and  there 
arc  others  of  hiler  date  ;  hut  ni>ne  vf  them,  ohl  or  new,  nve  of  any 
seiontifie  vahie.  There  are  al^so  t.*ounty  atta-i*^Sj  made  up  of  town- 
lip  nmiis,  nrjiie  *>f  wlii(4i  tfin  Iw  made  to  fit  fogetlier  at  their 
es?:  and  small  (M>nnty  miipA  whic-li  are  i-onstruete<l  and  exe* 
culc<«l  in  so  faulty  a  munn(*r,  tliat  tlie  gtHiki^igt  and  the  engineer 
who  attempt  to  use  tliem  mx  tlirown  into  despair. 

*^  With  thi^e  imptTfeet  gnideri  tlie  ( Jeohigi^ts  of  the  Survey 
have  Ix^'ii  nhligt^l  to  tHUiteid  t(iemselvt»i<,  .  ,  ,  .  Nor  will 
(lib  f^uiidal  to  onr  get»hjgy  be  rtMnoveci  nntil  the  I^islatnr^ 
orpiniiti's  a  Knentifie  topoj^nL[»tii<ul  snrviy  of  tlie  State. 

**  Tht*  l/niteti  States  Coast  Snrv^^y  ]nt<  indec^l  be^n  a  regular 
triiuigidatioit  of  the  State,  and  pTOmises  to  provide  us  with  at 
kiif^t  i*nc  alpsoUitely  «iire  p^jsition  in  uvtw  townshij)  of  every 
ointiiv.  hut  itn  mean^  an*  so  hinltetl  that  this  great  work  moves 
on  ver\'  rihiwiy,  an*l,  ntih^n  State  aju^roitriatitm^i  ai-e  made  to 
hapten  it,  aiay  oeeujiy  twenty  to  thirty  years/* 

**  It  ii^  evident  the  Geohigitsil  Survey  aiiinot  wait  for  all  thi;^ 
to  lie  done.  It  ma*^t  therefbre  n^  the  almost  wcu-thleHs  maps^ — 
LiHinty  ma|iri  and  township  maps — whieli  exist,  nidely  run  ixs 
tlieir  liui.>  liave  l>e<.^n  l>v  lrn?spoiisihh.'  men^  on  ehea[>  miniey 
L\>utnM*t^,  fapidly  and  tiireles-^ly  j>lo(ttHl  afterwards,  and  linally 
fiireixl  tog<^ther  ruekles-^ly  ami  withont  jiKlgment,  m  as  to  nmie 
witJitn  <f>unty  lines  whieh  are  thems<.*lves  utterly  false  and  of^ec- 
times  hu!f-a*mile  away  from  their  true  |ilat*i^.  Even  the  north- 
ern line  of  tlie  State  itself  is  found  this  yejir  to  Ix*  wronjjly 
loc^iti**!  at  every  point,  sf>  far  as  tlie  new  snrvLy  of  it  l*v 
the  rnited  Com  mission  ens  of  New  York  and  Pennsylvania 
has  adAiuitt.^1  it>i  j^tiitions.  To  ad*l  to  ih*-  eonfnsioii,  the 
townshi]*  ami  i^rnnty  majJ6  thus  falsely  drawn  have  Ijeeii  still 
further  ialsified  by  a  fresh  m^t  of  erron^  inevitably  eonneiliil  with 
[Kihlinitiun/' 

2.  (  hrreri  nmpM  nre  imVmpeiumhh'  fa  the  proju'r  ffrvrlnprnetU  of 
the  *Sfii/<*  Ever\*  *me  of  the  Enriij>eiin  nations  havi^  remgnized 
(he  value  of  trustworthy  ma[>s,  and  have  org;mi/e<]  survrys  ii[joU 
hroaib  lil>eral  foundations.  This  com mon wealthy  so  rieh  iu  miu- 
€ial  and  agrieultund  ^vealth|  sh<iuld  most  eertaiidy  m^t  Ix^  sa tid- 
ied with  the  niiserahle  make-shift  [vrints  whi<"li  nt  prest^nt  ivpre- 
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sent  our  knowledge  of  the  topography  of  the  State.  Owing  U> 
our  thorough  system  of  public  education,  the  inereasing  intelli- 
gence of  the  masses  demands  an  accurate  knowledge  of  this  por- 
tion of  the  earth's  surface;  a  surface  which,  though  slightly  mod- 
ified by  man's  action  upon  it,  yet  retains  the  same  principal  fea- 
tures from  age  to  age,  so  that  one  good  survey^  witn  slight  occa- 
sional corrections,  will  suffice  for  an  indefinite  period. 

The  results  of  such  surveys  as  the  Ordnance  Survey  of  Great 
Britain,  and  the  thorou^  geodetic  and  topographical  survejrs  of 
the  several  countries  of  Europe,  are  of  incalculable  value  to  every 
member  of  the  respective  communities. 

Thoroughly  accurate  maps  are  indispensable  to  the  correct  rep- 
resentation of  the  geology  of  a  country :  they  are  a  very  material 
aid  in  the  preliminarj'  location  of  railroads,  canals,  river  improve- 
ments, mines  and  the  various  industrial  works;  they  can  be  made 
H  wonderfully  accurate  index  to  the  wealth  and  resources  of  the 
State  by  representing  upon  them  the  areas  of  arable  land,  of  the 
various  kinds  of  forest,  of  coal  and  iron,  etc.;  by  using  a  large 
scale  they  can  be  made  to  serve  still  another  purpose,  by  givine 
the  areas  of  all  estates  and  the  position  of  boundary  lines  with 
sufficient  accurac^^  for  the  imposition  of  taxes,  and  may  even  be 
made  a  basis  for  land  titles. 

.*}.  Reform  needed  in  land  surveying.  The  Honorable  Secre- 
tary of  Internal  Affiiirs,  in  each  of  his  Annual  Beports  for  76, 
'76,  '77  and  '78,  has  called  attention  to  the  urgent  need  of  a 
reform  in  the  methods  of  land  surveying.  Though  such  a  reform 
is  of  the  utmost  im|)ortance  and  is  sadly  needed,  it  cannot  be 
accomplished  until  accurate  and  reliable  meridians  and  standard 
mea>«ures  are  established  in  every  township  of  every  county  in 
the  State. 

The  following  extracts  from  the  reports  mentioned  will  prob- 
ably give  a  better  idea  of  the  neeiled  reforms  in  Pennsylvania, 
than  anv  general  statement  could  convey  and  establish  the  fact 
that  sucfi  a  reform  cannot  {Kissibly  be  accomplished  until  we  have 
some  accurate  base-work  to  which  to  refer  all  minor  surveys,  land 
lines,  etc. : 

"  In  the  early  days  of  the  commonwealth  the  sur\'eyor  always 
preeedtKl  tlie  settler.  His  work  was  done  in  the  forest,  oflen 
with  few  and  inex]K»rience<l  assistants ;  he  had  to  ctmtend  with 
the  incloniencics  of  the  we^ither,  impassiible  streams  and  swam|)8, 
and  not  unfreciuently  wil<  in  dan^T  from  the  Indians.  Besides 
all  thc^se  difficnltiis  wlii(*h  l)esc»t  tlio  earlier  surveyors,  who  were 
;i;t'nenilly  conijwtent  and  skillful  men,  during  the  several  land 
.-jKi'ulatinjr  manias  which  took  hold  upon  our  iKH)|)le,  when 
ordeiv  and  warnuits  were  i.<sui»il  bv  the  hundreds  dailv,     .     .     . 
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largr  tmct*^  of  i'^iuiitn^  wort^  hjL«*tiIy  atnl  iiinxTfcctly  tiurveytYl  by 
om_^IiSH  or  luij^killwi  !irti>ts,  tnn\  grnit  *  rnn>  won*  l.^^n^nitted ; 
heufv  fhc^  Hm^  r«-(>rtsiiitccl  ini  tliv  iTturn.^^  iiTiH  |H-ri>r*timt<Hl  in  tlit^ 
jKitiiif^i,  iIiAIt  Timfmully  from  (liosr  mnrkcil  ii|hhi  tfit^  jrnmiHL 
Thi-sH?  i'trors  rlir  itwiiri-s  would  Uv  ^!a<l  tii  (^iirnvt  wIktc*  tlu*  oriji- 
inal  i*vidcii<x><  of  iKuindtiry  yvt  remain,  As  Icmg  as  landmarks 
€jci^,  and  mil  he  vcridtti  by  tlio  usual  tests,  dispuk^s  st-Ulom 
arine.  Comer  or  line  trt'es  may  dtray,  ar  lie  biinied  or  rut  ilown, 
sind  other  marks  destmyed  or  removcfl.  Apiinst  tho  *lis])Uk?s 
^eoeniHy  (olhjwin^  tht^*  eontiii*rtuicu's,  the  liiiMHmldrr  should  Ix* 
pTDtected  by  the  authorimtion  of  a  tHjnx?t*t  survoy,  atid  a  re<X)rd 
<if  itH  mi'tes^  and  Ixmndj?*. 

**  Swell  a  survey  would  n\m  jirove  of  f^^it  vahie  to  the  niemlx^rs 
^»f  the  \mr  in  assistinjij  them  to  remove  tlie  ambiguities  that  fn*- 
4juiuitly  iirij^e  under  the  pn-i^Knit  uK^thcHl  of  marking  and  destTil>- 
ing  tirim.  Now,  even  with  the  :is.«istanee  of  exfierts  ami  '*  pnie- 
tktil  surveyors"  it  is  often  im[»fissible  to  dotermine  the  original 
Ifxmtiou  <if  Ixjuiuiar}^  lines  ami  the  eit'+e  must  W'  eiunjjnmiiswL 

"A  re-i?x!iminati<m  of  tlie  surveys  of  ctmntif  aii^f  lownHhip  /mes, 
turnpike.  State,  tuwiiHliip  and  otlier  roads ^  rc^ veals  evt^n  a  greater 
^Ir^f'T  of  hiaecuraeif  than  is  fuuud  iu  our  laud  surveys,  reuderiujir 
it  ditKi'idt  and,  in  some  ciiscsj  almost  ini]>ossif)le  ti>  rernwer  the 
ori(^imil  IfKTition.       ****** 

*•  In  1876,  a  eireular  letter  was  [>r(*}>ai^xi,  iu  which  the  matter 
wa«  mi>re  fully  eIsdKinite<i,  and  waw  atklressed  to  tlie  l*rct^ident, 
Jmlg^  of  II  uuiuber  of  distriiL^,  to  ciieh  County  Surveyor  in  the 
<^iiiinim wealth t  and  to  other  [K^i'^ons.  The  replies  reeeived  fur* 
iiish  evideiiee  shovnug  that  the  Aet  of  185C>  has  bet*u  whtdly 
igfi^iritl  ill  souie  eounties  ;  iu  otJiei-s,  the  truL'  meridian  lines  niv 
PD  o>ntiguous  to  Iwsil  attni(*tion  as  to  h^!  woi*se  than  useless ;  and 
that,  in  some  eountit^j  the  surveyorH  eitlier  \^"holly  neglect  to 
make  their  te^ts,  i>r  jx^rform  them  out  of  season,  or  iiiait  to  make 
the  rwpiir^'^i  rtH?f>rd  of  ohsi.*rvations/* 

Mn  r*latt»  C.  S.,  of  Erie,  stiys :  "  There  are  very  few  laiid- 
nmrks  left  in  thus  eoviiity  iu  etHuiKins<in  u\  the  numixT  that  at 
*nie  time  iio  doubt  existed. 

**  The  U*^tH  hy  me^iF*iirement  eannot  l>e  relie*]  upon,  fcir  the  rea- 
wm  that  the  traets  an*  iu  exei\ss  of  the  same,  and  the  surplus  is 
nut  uriiibrm,  land  hen.*  iu  many  eiises  over-ninning  the  <juantity 
ctilled  for  l>y  ihe  ttld  rkinls,  to  the  amount  of  ten  and  fourteen 
|>er  eejit,  beside  the  six  |HT  eent.  allowauee  for  road^,  ete. 

*' I  wt^tild  stitjgept  that  if  we  mW  us<'  the  i*c<v//<^,  that  eaeh 
tftwuship  shiaihl  !iave  its  own  iiUTirlian  at  or  near  its  et.»utrt». 

'*The  next  best  thing  to  do  ik  to  alnilish  the  UE^e  of  the  needle 
*"ntip*ly,  and  t^tablL-^h  ba^e-lines  for  eaeh  towiL^hip  and  eity,  and 
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)iav«;  thenj   laid  down  and  recorded  by  the  true  astronomical 
ffiufMr,  and  all  rMr\i:\>  niade  bv  triai^ulation  from  that  line. 

'^Sijr\'i'vin^  \a  a?*  much  a  pnifeftfion  as  medicine  or  the  law^ 
and  no  |M.rrMin  .should  l)e  allowed  to  practice  it  without  authorit}\ 
any  more  than  a  la^iyer  .should  be  allowed  to  practice  in  our 
rviurt^  without  liein^  admitted  to  the  bar. 

"  /  think  thfit  if  me  whole  State  couM  be  re^urreifed  by  inean*^ 
of  triftnf/Hlatioitj  that  what  would  be  gained  by  it-asaesemient  and 
miring  of  rexatiotut  litigation  would  inorethan  pay  for  the  surveys 
of  fourne^  we  canwA  change  old  landmarhtj  but  we  can  record 
thtnn  fijt  they  are^  and  gire  correct  areas  bounded  by  «iicft*" 

Mr.  John  B.  Kaufman,  of  Franklin  County,  in  his  reply  to* 
the  dn'ular,  Hay.s:  ^^I  have  often  thought,  too,  that  great  aa\'an* 
tag«7i  would  lie'  derived  fnim  a  i^-:«tem  of  triaiigulation  over  the 
State,  itiveriiig  the  several  counties  mth  a  network  of  lines  and 
angular  (Niints  at  convenient  distances^  the  lines  to  be  of  moder- 
ate length,  their  dire<;tions  and  length:!)  accurately  determined,, 
the  angular  fKiints  plainly  and  permanently  marked,  so  that  all 
lint's,  or  the  most  ini|>ortant  lines,  might  be  referred  to  sueli 
lines  or  [Kiints,  the  whole  to  be  recorded  in  such  a  manner  as  to 
Ih!  <!asilv  aix?(!KHible  U)  all  surveyors."  *  *  *  * 

The  lt4!|K)rt  of  the  Pennsylvania  Bcjard  of  the  Penns>'lvania 
an<l  Xcw  York  joint  Boundary-  Commission,  for  1877,  contains 
t^miv  valuable  information  in  regard  to  their  work. 

At  the  esistcni  end  of  the  line,  separating  the  t\^'o  States,  ''most 
csin^ful  wairch  was  made  for  the  initial  monuments  of  the  old 
surv<?yors,  without  succ<»ss,  and  the  only  means  left  to  ascertain 
the  approximate  l<Ksilitv,  was  to  explore  westwardly,  find  the 
first  piiYX*  of  the  old  line  n^mainiug  unclianged,  and  produce 
that  <fastwar<lly  to  the  |K>iut  where  it  intersected  the  tluxaid  of 
i\w  main  channel  of  the  Delaware." 

"  ( )f  the  UHTidianal  Ixmndary  which  separates  a  |)ortion  of 
Kri<*  County,  Pcnn.,  from  Chatac]ua  Count)',  X.  Y.,  we  have 
lMK»n  given  to  understand,  by  verj' high  authority,  there  is  scarcely 
a  mark  nunaining." 

"During  our  study  of  this  im]>ortant  subject,  our  attention 
litis  Ikh;!!  nc^M^ssarily  drawn  to  the  admirable  methods  of  the 
(Vwist  Survey,  in  tliis  and  relative  reg»inls.  Their  work  proves 
itstdf,  an<l,  wherever  it  hits  Ikhju  done,  its  lK»nefits  have  Ixjen  felt 
and  appn^^iatinl.  We  c^iUHiot  help  thinking  that  the  area  of  its 
o| Munitions  should  Ih»  extendcHl,  so  as  to  embrac»e  the  interior,  as 
well  Jis  the  scjiIkkihIs,  of  the  States.  Its  lines  of  prec'ision,  jKjr- 
nuinently  miirke<I  upon  the  surfac^e  of  the  land,  would  be  of 
infinitt^  a<lvantiige.  The  nuiltitudinous  aiuses  of  land  disputes 
would  s<M)n  arninge  themselvw,  by  reference  to  the  exac^t  demar- 
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oattnnB  left  by  thm  aclminible  corps  of  siirvevon?.  The  thmLsanfl 
mhI  on*'  eiTors  of  the  nuigiietic^  needle^  m  Penney  I  van  ia^  t'^^J>wialiy 
{owing  to  the  mineml  t^iaractpr  of  .s^i  much  ni'  her  s<)il)^  nii»re. 
luoineiitotH  than  el?M-* where-,  wouhl  wit^iu  to  csiuse  tlie  l*ittertiC£vs 
ami  jmlousif's  of  efec*tiiu'iit  mutn,  and  irj  a  Mh*»rt  time  the  nurikec 
of  tiie  Stat*^  wcml<l  be  as?  well  known  to  all,  a^  the  n»t>8t  eareiiil 
plot  of  a  farm  or  village  b  now  known  to  itw  [miprietom  or  eiti- 
3!e[i8.  It  ^4  til  be  hoi>e4t  tliat  Ui>  more  tinitf  vnW  v\i\\^e  \K€ore  the 
pmjM^r  anthorities  rilmll  provkle  for  a  eorrtnt  t(»[Hi^'nipht(til  niaj> 
**f  the  State,  It  if?  ditfieult  to  enumerate  the  -sulMaiitial  k'neht-^ 
irhieh  wiMiht  m-CTiie  to  the  jieople  from  sueh  a  rinjrsc\  Other 
Static  lire  ilin-etiug^  attention  t**  tfns  Hnljjeetj  and  wondering^  a* 
they  Ji*ivaiuj*%  vvliy  it  was  they  hail  }>nt  the  matt4*r  off  sii  long* 
Let  PemiHylvania  not  l»e  liehindliuiul  in  thm  good  work." 

4,  (h*tjittuz4dhm  fif  Ikr  Surrey,  It  r^ilu^uhl  lie  under  tlu'  tH>n- 
tml  of  a  liotuxl  i-onsistin^  of  the  (ioveriior,  tlie  8eei\'tary  of 
Internal  Aftliii^*  uikI  an  u|>pro|>riatt'  nnnil)er  of  re]HvpH*ntative;it. 
mui  eom}K*leTit  citizeuri,  to  be  appointtHl  by  tlie  (joveruta\  The 
Dinx'tor  of  the  Sur\*ey,  ekrttd  by  the  Board,  shf>nhl  Ije  rv- 
(luin'd  to  snbinit  fiii^  phins  and  esthnates  to  them  for  nppmval. 

The  imndHT  of  tirhl  jwirtiej?,  i^ize  and  thitie:^  of  tlie  i^nnie^  mvust. 
of  i^iiurm*  t.»einHneiuHfl  by  the  amount  of  the  ait}HT»[iriation,  and 
deiM^nil  uiMMi  tlie  judgment  of  the  Bttird, 

It  ie*  tiUj|5^'st<*<l,  howevcT^  tliat  the  law  t^hould  t>e  m»  framed  SiS 
ta  ulhnv  of  detaikd  to|M>|i;mp)jiml  work  Ix-ing  put^licMl  to  romple- 
tioo  ill  the  more  weahhy  anil  tfiirkly  ,si'ttkHl  iHumtits,  pnivide^l 
tliat  eaeh  eminty  liear  haU'tlu'  *^xpen*it.'  of  the  detaih^i  work,  the 
triailgiilation  work  iRniig  provkk^l  by  tlie  State. 

In  onler  to  meet  the  very  ^reat  iieeer^ity  for  juon^  nnit'onn  re^ 
tiirn«  to  the  I^md  I>e|>artment  from  the  .Mcveml  rounty  surveyors 
and  other*,  it  would  fx?  well  to  provide  for  the  orpmization  of 
one  i>r  more  parties,  ti>  lie  uih1(t  the  f!U[R^rvi2^ion  of  the  Dii^eetor 
of  the  Survey,  vvho?<<.'  duty  it  sfiould  lie  to  e^itablish  an<l  |>erma- 
Hemtly  mark,  in  every  townghip  in  the  State,  a  true  meridiaji  and 
^nilanl  <*liain  lenj^tli. 

"Sueh  a  plan,  giving  at  om^^  final  aeruniey  in  tlie  inuitfollicg 
points,  and  iR^rmitting  of  iufletinite  exteujsion  in  tlie  repiTiJi^nta- 
tion  of  detnil  aronnd  them,  furnishing  a  j^keletun  U)  whieli  loc^d 

vey;*  iHaild   l«*  (it  tit  I   till   the  whole   was  eomplete,  would   at 

Pt  supply  us  with  luatss  of  f>ur  State  that  M'ould  Iw*  ereditable 

timt  ^'ouhl  Ih.'  i-H^mjiare^i  with  tlRWj'of  otiiereivilixixl  nations '^ 

f6.  '^  Owing  to  tlie  ehai:aeter  of  such  a  survey  as  the  one  pro- 

Ikn^ttb  it  eiUi  only  be  prosecuted  et^nomleally  and  mtisfaetorily 
>y  mesin^  of  the  State  autliorit)%  and  must  nece^mrily  dei>eTid 
a|K>n  appn:>ju'iation[5  from  the  State  government^ 


76  JZeporfo  of  OommUteeSy  de.        [Proc  Eng.  ClaV, 

6.  "  It  is  certainly  the  experience  of  foreign  countries^including 
several  less  wealthy  than  our  own  State,  that  these  surv^s  are 
many  times  more  valuable  than  their  cost,  in  the  aid  which  they 
afford  to  the  carr^'^ing  out  of  internal  improvementSi  to  the  equal- 
isation of  taxes/  and  to  many  of  the  necessary  op^titions  ijt 
^neral  and  municipal  government,  as  well  as  to  private  indi- 
viduals." 

7.  At  p'esent  a  survey  can  be  proseeuied  eeonomioalfy  and  to 
greai  advarU<ige.  The  Honorable  Members  of  the  Peimsylvaiiia 
L^islature  should  not  fail  to  recognize  die  very  important  ad- 
vantages which  would  accrue  to  every  department  of  the  State 
;govemment  and  to  the  welfare  of  all  the  citizens  of  the  Com- 
monwealth, from  the  results  of  the  survey.  And  owing  to  the 
very  wise  and  liberal  laws  enacted  by  Ck>ngres8  in  1S71,  aath(N^ 
izing  the  Coast  Survey  to  extend  its  system  of  trianeulation  over 
any  State  in  which  Scientific  Survqrs  were  provided  for,  the 
present  is  the  most  fortunate  time  for  the  prosecution  of  geodetic 
i¥ork  in  our  State. 

Triangulation  work,  if  once  well  done,  is  done  forever ;  and 
it  is  very  much  more  economical  not  to  do  it  all,  than  to  do  il 
badly. 

And  your  petitioners  will  ever  pray,  etc. 

Prepared  by  Charles  E.  Bnxor, 

Secrdary. 


This  memorial  was  signed  by  a  large  number  of  prominent  dtizeiit 
of  the  State,  and  is  now  pending  (February,  1879.) 
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NOTES  AND  COMMUNICATIONS. 


SOUTH  STREET  BRIDGE. 

MlOSTiNa,  FKBRitAFiY  IBth,— A  piiwr  on  the  **Bouth  street 
Brldlrc,"  by  Pn>f.  L,  M,  Haupt,  wiw  rttnl.  EMtuuaiwof  the  prf^^ure 
AH  thf*  pilt4  fonsiinK  the  foinuiations^  tor  the  pWn*  in  the  wwterQ 
apfifXitirU  had  h^m  ealeiihitnl  from  tiata  ohtaiiie<I  fnHii  (Iniwiiigi*  In 
I  he  offlre  of  the  City  Engbitfer.  Prof.  Hiiupt  thoy^Hit  tlmt,  im  the- 
piles  were  driven  thnrngh  or  into  ^ift  niud»  wlik-ii  in  inundated  at 
evefv  tide,  the  prt^^**iire  plaeed  ujxin  them  waii  in  ex<*eft«  of  (heir 
b*;.  vVf  r  in  **ueh  mn\,  and  the  o^um  of  I  he  full  of  the  »trut'tnfe, 

Ti  iin>njfht  out  very  general  JiHcuHsion. 

}*i.i.  trr ...  BundiMin^  Jr., ^uve  a  general  dt^eription  of  tlie  mai^onry^ 
Wi^rli  of  the  hrifi^t',  nud  preHentetl  u  t>hni  wliieh^if  uhj.*i1,  inii^ht  inive 
iwvctl  |Mirt  of  the  Htrmiure.  At  the^iei^oiid  pier  eiii^tof  the  IVniinyh  iiriiiL 
Itiiilrtiari,  the  jiileH  were  driven  thrfiugJi  tit1ei*n  I'it^t  iif  nnid  to  a  IhhI  of 
ifTwvtd.  Onlv  thenortli  enti  of  this  pier  rt*iijk,  the  wmth  et»d  remtdning 
Htm. 

Mr.  D.  MeN.  Ktanffer  stated  thaf  at  the  railroad  ahtit men t  the  gravel 
ht^:  itliin  a  fcxvt  of  the  Hurfaee— tmly  one  hundreil  feet  we**t  of 

til  piiT;  it  seemed  lo  Imve  »  regidarly  f*!oping  ntirfaee  from 

tin-  s,iiii.-ad  aliutment  tnwardi*  the  river,  where  the  pilepi  were  driven 
tjirou^li  forty-five  tin^t  (if  rnnd  i^elare  reaehin^r  the  ^^rivveJ.  Files*  were 
all  driven  with  a  'J,iMi  fMiumil  hattniier^  ami  rweived,  an  u  final  twt^ 
fotjr  blow?^  from  the  hammer  with  thirty  feet  faH»when  *me  iueh 
downward  nintion  wai*  the  niaxinnim  alh^wnnee  for  eaeli  Iilow.  The 
caum*  of  the  failitii,'  of  the  pier  it*  not  known,  and  eannot  iie  <lefl- 
nitely  t^tattnl  nniil  examinations  liave  iH*en  made.  The  faet  that 
within  twenty- four  hour??  of  the  rtnal  eniMh  there  w*aj^  m»t  a  single 
V^rtlewl  eraek  in  the  masonry,  thougli  the  pier  wa^  «inkinK  al  one 
Piid  only,  prov*"?^  that  the  ijnlhi^e  numt  have  bts'u  perft'et.  The 
rfttimated  foaii  nn  the  piler*  uniitT  the  pier  wa.s  ]l,tHn)  Utiis^  amnnnt- 
ltt|^  ro  twenty 'three  tiiiiH  on  etieh  pile.  Aeeordiii^  to  riile^H  ^dven 
by    lliinkine^    for    pile-work    imd**r   similar   eireymi<tanee«^    t^aeh 

fide  wa«  ^km(  for  eight  tonw  frietitmal  value^  teaming  tifteen  tons*  on 
he  to€*  of  tiu^  pile.  The  tremor  prod  need  in  the  pi  lew  by  travel  on 
I  he  bridge  would  gradually  hiOHen  them  HuJTielently  to  allow  the 
pi^r*^»l*ti(jn  of  water  dow*n  ttielr  sides,  and  llnally  throw  tiie  whole 
weight  on  the  t*M'  of  tiie  pile.  I  f  the  heil  of  gravel'  was  merely  a  thin 
l>rd  or  p^K^ket,  tm  the  water  Miftens  it,  the  additional  weight, 
hrfon*  jtynt-ahied  hy  frietkm^  proliably  allow*eil  a  liuneli  of  pllen  at  the 
north  end  of  tlic  [lier  to  ^I'ttie  dowirinto  ?i*f>fter  material  ia'neatli  tlie 
gTi*veb  8onie  theory  of  thirt  kind  niuwi  he  advanenl  to  explain  w^liy 
iheiitruHnre  n*niaine(:l  sLuhle  for  nearly  ^Ix  years  befi>re  the  flnal 
i«tiii4trophe.  Every  liloek  of eojnng,  paving,  ettC^  in  t  be  rttadM  ay  alw^ve 
hiid,  liv  tile  linking  of  the  jjier,  taken  the  form  of  an  invertwl  areh,  and 
IicIimmI  to  tiKivey  weight  to  tlieHound  nierw  on  eitlier  s^ide^  and  that 
their  removal  tlrrew  me  additional  weight  on  the  failing  pier.  An 
expand itti re  of  fwVifi  hi  tying  together  the  adjoining  art*hi*H  at  tlie 
i»|iringin^  line  woulil  have  Hiived  seven  ont  of  the  tiine.  If  thiie  had 
iit'nnitterl  thi^  i>utfing  in  of  eentrei<  tni  tl^e  ph*n  pr<:*fM»^*'<iT  they  would 
liJive  ln*t'n  of  little  valm*  without  Hlmilar  tie  r<Hl8. 

Mr.  K-  Heritigdid  hot  thitik  the  removal  of  the  roadw^ay  above  the 
linking  [jier  waa  a  diiioft vantage,  beeauee  the  craeks  in  the  iMivetnentr 
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«howcKl  that  no  horixDntAl  preiBtire  wai*  tmm*f erred.    It  would  there- 
fore niity  hflve  aftod  n^  dvm\  weight* 

Mketinh,  a  PR  11^  Hth.  —  Mr,  I>.  M*'N»  Htiiutrer  made  Moioe 
4id(iitioriuI  rpinark:*  i^^neeniin^  Soutli  Htret4  Brid|?e.  Horinir?<  had 
been  iiiiide  iilKsut  twenty  feet  <Ji**tiint  from  imeh  erni  of  the  ftutliiK 

Slier,  At  tliej^i>uth  end*  wFiieh  did  ttrff  sink,  >fiieijw  riM^^k  was  found 
T  B^'  l>elaw  the  Hurfat^e  of  the  inttD*h.  Tin*  nK*k  wa»  overlaid  by 
€vight€*eii  to  twenty  hiehes*  of  gm%'el,  utid  then  n  eonsidernhle  thiek- 
jwm  of  a  hard,  very  r'oni]>iU't  yellowiish  elay.  At  the  north  end»  whh*h 
failed  by  winkingl^  the  roek'  it*  tliirty-<4ev<?n  feet  below  the  Burfaee. 
Almve  the  roek  in  3'  M''  of  hhiek  niiid,  and  above  this*  atxmt  seven 
feet  of  gravel  mixeil  witii  riay.  Tliix  tongue  of  mud,  running  under 
tlie  north  end  of  the  juer^  vvaw  doubt k^ns  tlie  eaui*e  of  the  trouble. 
The  piUiH  were  li riven  nearlv  thniugli  the  gravel  ^trattimi  frietion 
nf  the  materialH  res*iHting  further  driving.  Lubrieation  of  the  piles 
by  the  ^low  percolation  tjf  water,  Hideil  i>y  the  vibration  of  the  Htrnc- 
ture,  wouUi  dt»Mtroy  the  frietioual  %'alue  Jiue  to  the  tough  niud^  und 
til  row  additional  weiglit  tm  f!ie  toe  of  tlie  |>ih^  protmbly  loaded  toil* 
full  1  waring  value.  HupnoHifig  thiH  to  havt*  been  the  eawe,  with  a 
yieidhig  nrnterial  under  tiie  gravel  Htnitum,  winking  wtm  inevitable. 


KENTUCKY  RIVER   BRIDGE. 

Mkktino,  May  4th.— Mr  William  F.  SellerM  read  an  inter- 
-eBting  imper  on  the  Kentueky  River  Bridge,  The  i>a[R'r  waj^ 
ill  uift rated  hy  large  photographic  of  the  rtirueture  and  by  work- 
ing dmwinj^.  I'hc  (Jineiniiati  8i>utheni  Kail  way  erosf^e**  the 
Kentucky  Hiver  at  a  iwiint  where  wcveral  yeara  ago  four  t*tone  to  wen* 
were  ereeteil  l>y  Mr.  litx^bling.  The  Hirueture  ftjr  which  thei^e  were 
intended  waa  never  c*ompletetL  The  river  at  this  point  18  about  Wi) 
feet  wide,  and  rtoww  in  the  bottom  of  a  narniw  canon  about  Wii  tm*t 
dei^p  and  W^  feet  wide.  For  nunieroua  reasouH  a  pier  in  the  river 
wa*i  renilerefl  inipraetieable,  ao  it  waH  decided  to  ui*e  three  Rpanfi  of 
87'^  feet  i^eh,  Tnerte  were  eret^teil  without  the  u^eof  any  falne  workw^ 
whieh  the  great  iieight  of  the  bridge  and  the  HWift  current  of  the 
t^tream  nreeluded.  Though  a  continuous  girder  in  three  wpanjs  would 
have  fumlle<!  all  of  the  eonditionK  neee«sary  during  erection,  yet  the 
fact  that  the  iron  pier**  wnuhl  vary  in  height  with  the  tcniix^rature, 
while  the  elitt'  al>utnient«  wouht  not^  made  it  ohligatory  that  the 
»^UH  should  be  so  hingetl  an  to  i>erniit  of  thij*  vertical  motion  of  the 
jHcra  without  altering  the  i^tniinirt  in  the  truH**.  It  wa**  finally  divided 
to  f*<*nHtruet  the  bridge  with  a  central  «i>tin^  whieli  rnay  l>e 
deweribcd  iuh  a  Iwam  8Utn><*rted  near  eaeh  end,  ttie  overhanging 
portions  helping  to  support  the  central  jiortion,  the  pien*  a4:4ing  im 
Julerutntii. 

The  end  Himnn  were  Hupi>i3rted  at  the  nhore  ends  by  ahutiuent^,  iwd 
,  at  the  other  end  by  the  weiglit  of  the  middle  span  aeting  over  the 
pieni  afi  leven*,  tlie  dl»tanee  from  the  pier  to  the  eontratlexnre  point 
being  the  whort  ami  of  the  lever,  Tbij*  imp4*rtant  iitiint  wa«  mund 
by  dealing  with  the  trutw,  panel  by  panel,  and  memljer  by  member. 
The  truBS  i**  37A  feet  deep,  IH  feet  wiue,  and  liiieh  ^pan  divided  into^U 
paneb*  of  18J  feet  eaeh.  All  eonneetionw  between  the  tie**,  pc»«t^  and 
corda  were  made  by  pinn.  Thowe  pins  whieh  were  ^trained  in  erec- 
ition  were  foree<i  in  place  by  h^'^draulic  pressure  and  *ierv'ed  mA  riveta, 
while  other  pin.^  were  put  in  loosely.  The  diiuenaions  of  piem  and 
masonry,  and  the  resulti^  of  the  linal  t«it4»  were  given,  all  proving  of 
very  great  inter  eat. 
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THE   PHILADELPHIA  WATER  SUPPLY, 

Mkktix**,  May  Ihth.— Mr,  HvDr>^  (».  Morris  luafle  Himiv  very 
inl<T('»<ti]iK  rt*murkii  in  rt^K^r'!  **>  ll»<^  proj>fwitiiiii  wliidi  Mc-ftHrs, 
WiUmin  tVttuipA  Scm  have  niudi^  tothePhila*ii4|iliia  Wttler  rK^part- 
luent.  They  j>rt>|Mise  to  furnish  ^teAiii  puniplu};  maehitit^ry  niu} 
ioumiHihmH,  ImiWrf*.  uml  wir  vl'^wi-Ih  t-umplftts  witU  all  vhIvvh  and 
^ttiu'lniK'nL^  iu.'^Uh'  tlw  tuiiiso,  to  Uw  pumping  maiTiN  pri»j>n^ei1  to 
^^cmiiiH'l  with  tilt'  (list  ri  hut  ill  i^'-  pipe«  of  the  Ik^niniii  Wiit^-r  Wc^rkw^ 
4tn  till*  i*Ji.Ht  witk'  of  thi^  Suhii^vlkill  river,  and  opt^nit*?  tht'  hwiijc. 

Thov  alsij  prt>paHi^  to  furnmli  hU  roiil,  stovi's  iuitl  MuppHt%  j>rtivide 
utti^iKhintH,  ntnl  maintain  rt^iairs fret'  of  hU  thnr^^fs  to  ihv  city  fortht^ 
lir^t  t-iiHt  nixi]  o|>fniting  expi*ii?Ht>i,  for  the  nAimv  Hini  per  millioii  of  jiral- 
loiiH  punijKMl  iiM  It  iK^w  I't^Ht^  at  the  Kelriumt  wrjrks,  tluit  heiiip?  tho 
IowchI  (LHJi*i  in  the  IM  for  stwim  ^nnii|>age.  At  the  ox  pi  ration  of  fi  vu  yt^irs 
froni  thf^  thnc  the  machinery- 1«  starttni^  it  nhall  litronie  the  projH^rty 
-of  Iht*  tJiy  of  Phlbulelphia  without  further  vimt  or  exi>eUMe;  Krouiul 
And  tiouW^  to  he  furnished  hy  the  eity  and  loratt'd  at  tht*  Hehuylkill 
works,  thk^  tlepurtinent  to  i*o  armnj/t'  iti*  j»ipes  that  any  exeeMw  of 
puintMiKe  not  requireil  on  the  t-awt  sUie  ran  Mow^  into  tile  Belmont 
hitttjn^  in  onler  that  eontiniicniH  jnunpuice  ean  he  inaintaint^l.  The 
nuwdiinorj'  to  tie  eapahle  of  punipmjz  tt>urtet?n  mJlllonHof  gidlonsper 
.twenty*foijr  honm,  th**  t[uantitv  ^^f  water  punitjed  to  Ik^  ileterniined 
by  tli€-  niethtKi  now  u«t*tj  hy  t'lie  iieparttnent,  and  |Miyment«  to  be 
Jiijule  tpmrterly  on  quantities  et^rtrfletl  hy  the  ('hiet'  of  the  Departs 
ment. 

Tile  <*<»«* I  at  tht'  Belmont  works^  the  ehen|>eat  of  any  of  the  workM 
in  the  ehy,  fi>r  pumping'  1^1MK)^1HK>  trillions  'Mi  feet  higli  wtin^  in  1877, 
^  1 4 . 1  :L  T  f  I  e  M  e:*H  rn.  C  ram  p  have  sta  f  ed  t  li  at  1 1 1  ey  a  re  wilt  i  s  tied  t  h  at  i  ly 
ii»tnj^  thi^ir  own  engines  they  ean  wmijUy  U/MNJ^iKiii  gaUonw  every 
tweiify-four  hourn  at  the  sjiine  mU'  a»  now  done  at  the  Belmont 
work.-*  ( $14.12 »,  and  iitlU  make  a  good  profit, 

Mr.  MorrlH  gave  an  es^timate  of  the  e<wt  at  whieh  tlie  work  eould 
l»e  done,  and  tiy  Cf^»niparii*on  with  the  duty  of  the  Low*ell  engines 
MhowttJ  apprrjximately  what  pnrtiti*  might  he  expected.  At  Lowell^ 
Mu^.,  the  e«j**t  w lis,  in  LS77,  ifin.71  per  million  gulloni*  for  raising 
w*a!er  into  the  rei*t*rvoir,  a  lielght  of  Im  feet»  with  the  Morriw  engine. 


SEABOARD  PIPE  LINE. 

MKirriHH*,  May  Ihth. — fien.  Herman  Haupt  made  very  inter- 
t^ttug  n*niarks  in  regant  to  the  Healnjiird  Pipe  Line,  Al>oyt 
two  yt*ur«  ag€>  the  l*ennsylvania  TranriiK>rtation  Company 
t-Hll€»d*  niw>n  CJeneral  Hanpl  for  enthnatei*  in  regard  to  co«t  for 
tf^ittptrting  oil  to  tlie  sealxwird  l>y  Jiieaii!*  of  pipes.  The  first 
pifien  in  ttie  oil  regions  for  the  tninsptirtiitlon  of  oil  were  laid  four- 
teen or  tifteen  yeiirii  ago.  At  present  there  are  some  2^{M}  inUen  of 
pi|>e  in  l^[>eration  In'tw^een  tlie  wellw  and  railrmids. 
At  tirwt  th<*  pijJt*  line  eonijmniet*  met  witli  a  very  tk'terniined 
*  =  r:  fn)m  the  teamsters  and  boatmen,  hut  after  waging'  a  hitter 
-t  the  new^  nyi^teni,  thc^v  had  ti»  sueeumh,  and  pipe  lines 
■  only  nuwie  for  eon  veying  oil  from  plaee  to  plaee.  The 
I  ^'  passed  an  act  allowing  pif>e  lines*  in  ft>ur  or  Ave  of  the 
►initie^*  The  eonduit  w^a8  started  to  ot>erate  betwt?en  the 
oil  rt^iuur,  and  PittHhnrg.  After  a  sharp  eontes^t  with  the  Pennsyl- 
vsuiia  Jtiiilnmd,  it  snceeeded  in  getting  aertisK  the  line  of  the  raiiroad 
xming  a  public  road.    The  oil  wm  received  In  tanks,  which  were 
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mounted  on  wheels,  hauled  ,at'rc)s*H  the  mlln^atl,  pi>lnkH]  into 
rw^eivei^,  iin*l  went  on  it**  M'ity  1o  Filtaburir*  Even  with  thin  i*xtni 
t^xm*riHo  of  louirlliii^  tht*  liin-  "|»ai<l  wt4L 

upon  visiting  thi*  oil  rt'gioijM  it  wan  ftmnti  tnipt*88ibk'  to  ^et  imtii*- 
fai'tnry  linta  for  fufinii luting  the  hyilmulir^  (irt'snuR'  nml  inakhig 
nec'*^iryniItuih*tKinM  toraTiwthiiatt'Of  t^i^*^  for  a  \m\^  line,  Th*?  wea- 
bcmrd  lint:  pr4>i)f>*ie  to  ihc  ii  f*ix  inch  plj^^t  whiHi  will  irlvt?  «  t-apticity 
«f  IHMK*  lnLrreli*  dinchiir^u  pt^r  ciuy ;  t lie  line  will  be  tested  to  \,m\ 
iKJundw  prt*i<jinire  jH^r  rt<iiinrenn-h,  '  Proliniinnry  mirvevj*  bavealrt^dy 
Ifwn  iiiHdc\  The  tlrnt  stuHim  wilt  be  loeatod  at  Parker  City,  frtuu 
whh*h  the  oil  will  he  f<>reed  a  ili^lariee  of  thirty-tlve  niiit*^^;  tlu^'^sc^-oud 
pnnip  will  force  it  twenty-wix  niiU*H  further,  the  third  pin n p  wove nty 
niiltt*  further,  an*l  the  last  puuip,  wliieli  s^htdl  hv  loeatedmi  th^  wtt<t 
rtlde  of  Turtnironi  nj<nintain,  will  send  it  to  Balthnore,  a  dit^tanee  of 
\{)2  miles.  The  t^n-Hwure  iit  eaeh  Htatitoi  will  be  44Hi  (xmiid^,  iniuat  to 
u  ht^id  of  i:^M)  fe<'t  i>f  oiU  The  dtHtant^e  1  jet  ween  »tatlon»  varies  wtth 
the  proHle  of  the  ground  f*r*j«f4ed* 

The.Liiitiiualed  t*i»f*t  <if  tnntHporialian  im  one  cent  per  barrel  at  each 
purnp,  the  djKtanee  lu'tvv  een  pumps  tti'in^  iirniuileriuK  ?lve  rent** 
per  barrelirt  a  full  e^tiouite  of  <*uhl  for  tnnir4iwjrtation  fnun  the  oil 
rei^ionH  to  the  i^enbiiiird.  A  i^tx-ineh  line  nf  pijie  ran  tie  made  at  a 
eowt  of  ^IKH)  iHT  tuile,  niakiiiK  the  total  eoM  of  fluf  projei'teij  line 
$l,75tM*tW*-  ron«truetlon  of  tfae«ea1>oard  line  will  I?**  coiiiinent?ed  In 
two  or  til  roe  wei'kw. 

Oni*  of  the  nicwt  iroTt^irtant  in^intn  in  the  eonntruetion  of  pipe  lines 
is*  to  allow  for  I -on  tract  ion  aruf  expansifin  due  to  i^ban^f*^  of  teint-ief- 
ature.  A  jdpe  line  ik  certainly  tlie  mo**t  eeononiieal  tind  natural 
method  for  tmuHportinj?  fiuiiln. 
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WOOD-PRESERVING  BY  CREOSOTE  (Hayford   Process.) 

MKKTiNCf,  OcTORKK  ItiTJi.— Mr.  E.  IL  Andre Wfi,  of  Boston,  j*i>oke 
on  the Huhject  of  ereoHiitiTig  t i u d m t.  Diray  t n  wi *od  in d ue  piiniarily  to 
the  fermentation  i^f  the  albumen  of  thcHaji,  which  cnuimeTiet^  a?*  noon 
a^the  uef*eKwary  eonditiuns^  lieat  and  niolwture,  are  provided.  Fungna 
^ ro  w  th ,  t  h  It .s  li V^ VI ' I  o nc*  I ,  sp rea* Is  r ii  j  1 1 ( 1 1  y  until  the  w oc kI y  ti  I  ire  is  e<>iii- 
pietely  fliHinti'Kt'ati'd,  itf*  strength  is  hij^t^  and  bv  degrees  it  erundilt*^ 
away^  Hetiee  the  aim  in  ^\'ood  preservation  ban  alwayM  het^ti  to  prevent 
ferinentation  l*y  eoa^fuiatiujj:  the  albumen  of  the  niip.  This  ri'wult  ia 
more  or  Iohh  effect  ually  attaiue<1  by  the  use  of  »olutioUH  of  the  metallic 
saltH  iTL  the  metlunislirunvn  aw  larrnettijitng  (chloride  of  xine)»  kyaii- 
nizing  {forro**ive  MublimateJt  hiineherizlng  (fiulpiiate  of  eopper  f/etc. 
Thewe  wits  are  di^rdvul  in  water  at^l  intrtaluee*!  into  timber  eithei^ 
by  j>res**ure  or  liy  ehenucal  action,  the  timber  being  ^tjbje.^led  to  a 
tiatn  of  s^anie  for  a  lonjjer  or  nhorter  time. 

Til  eM"  wol  ut  \  on  h  act  *  di  ei  1 1  i  ca  i  1  y  u  pf  i  n  the  all  hi  men ,  and  fo  r  a  1 1  tii  e 
they  do  retard  decomjMiHit  ion p  but  their  effect  18  only  partial ;  they 
will  in  time  redi?i?!olve  and  be  wiuNhed  out  by  rain.  Moreover*  they 
do  not  at  any  time  r4f!i>rd  nny  pr^Jtection  to  'the  fibre  itself.  If  the 
tttnlKT  he  expoHcti  to  uioiMtunr,  It  will  be  abmirbcHi  a>?  readily  a«  l>y 
tinprepared  timhert  and  nudi^ture  will  introduce  among  the  tlbreft 
th  e  ^i^'i^h^  of  d  ce4»  y ,  up*  ui  w*  h  i  eh  t  ii  e  i  H*e  v  if  ai  m  ly  1  nj  ee  t  ed  w^  I  tit  1  <  m  %  of 
metallic  nidtw  will  have  no  eflect,  Creo-notingt  however,  does  more 
than  coagulate  the  rdl>unien.  Tld^  it  doew  more  eflwtunlly  than 
either  metanie  Halt,  and  it  al^o  ionn^i  a  protection  to  the  ftfire'  Cre^i- 
Hote  oil  in  In^olulde  in  water.  Hcu<»e^  by  this  jjroeei*^^  the  iK^res  are 
fiiled  and  theftbreftaro  clothed  with  a  substiince  whieli  fuiniiot  be 
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wiuHihe<i  aut  by  rain.     Time  htin  no  efl^^t  whatever  upon  it,  atid  the 
rthn?,  pror*K't*'ci  fniTti  air  aDd  Tiioi«tiire,  Ix^eonit'!*  '*  pnit'tiriilly  imper- 

The  pfv»ervatioii  of  timljer  by  inJLt*tiiiK  ereos*ote  oil  wjia  flr^t  intro 
dut^etl  by  John  Betliell  In  EiiKlaiul,  in  iK37,  and  it  htm  outlived  all 
litln^r  itTiH^-mf^.  The  use  of  the  inetAnic  HiiHa  U  alianiUmed  In 
Karo^ie.  except  that  mllrutid  ^leeoerw  are  treated  in  siome  parts  of 
FrittH*e  aiid  (k-rnmny  with  >iuipliate  of  copper,  on  aec*oiint  of  th^ 
wi^rrity  liiid  hi^li  prlee  of  crwisote  oil, 

'  Th*» '  *  Hayfiifd  '*  prtwe****  dittbrsi  fr*>ni  the  *'  Eethell ''  mainly  in  thin 
irular:  *the  latter  (^an  only  he  applied  to  seaMoni^d  Wfirnh  while  Uy 

4*  fiirmef  K^"*^*"  ^'^M«l  is  preftTmi.  You  will  readily  under^tiiiid 
that  the  loor*'  ni^rly  the  condition  of  tinita^r  is  to  that  i*t  a  livini^ 
tn**'  I  the  mp  uud  uioiMture  beinit?  withdrawn  from  the  jjore**)^  the 
more  readily  it  will  alwirh  oiL  Jt  i^  ta^rtaiti,  that  wlu^ii  timber  hiLs 
bt^ii  Heji>winVil  in  the  air,  the  |H>res  become  more  or  Ii^h  tilk'd  np,  the 
Bhre?*  harden  and  eontniet,  and  the  W(XMleanm»t  al»«<^rh<»ll  n^  rt»4idily 
ai4  though  the  |>orei*  were  open  and  nature*.s  punips  for  trani^inittinit 
»ap  were  in  working  order  as*  in  freshly  hewn  timber. 

To  withdraw  the  sap  and  moisture  witlnmt  hardening  the  fibren  in 
Uwn  the  tlr>5t  ?*ten  in  the  Hay  ford  prot'esei,  Thiw  m  etfbetefl  l>y 
n^faiiB  *it'  i*teaiu  neat  and  air  presnure.  The  wood  is  loaded  on 
irr.  J  —  -\ni\  run  into  a  htning  iron  cylinder,  whieh  is  then  hermet- 
ic; L  \l  will  not  attempt  ttiVi^'t*  a  lengthy  deseript ion  of 
iJi  Mi,  which  i»*  exceedingly  ingeidous  and  ver;v'  f^tnm^*  It 
w.  ttMJ  much  time.  You  wUl^  nmreover/tind  it  in  an 
mi'<  I  nmde  before  the  Franklin  Institute  of  this  eity  la^t 
wiut4;r»  HJid  waj*  publii^hed  in  their  Juurtial  for  March  and  April, 
I87«J 

Steiiin  y  then  panned  through  a  long  eoil  in  the  Iwittom  of  the 
«*ylltider  and  also,  tu  a  certain  extent,  free  ste^un  la  adndtted  into  the 
**yl*iider  rt.self.  But  steani  alone  w^ould  not  heat  the  wood  ^utfleient- 
ly  Ui  v'a|H»rize  the  iiap.  The  radiation  from  tlie  brtMid  surtaee  of  the 
cvlinder  and  tlie  iM^ndensatiou  would  prevent  the  temperature  froni 
rltftini?  ttlw^ve  ir>0^  to  l*iO°.  To  h!e<*urea  greater  degree  of  heat,  hv 
nK-«inM  i^f  a  pciwerful  air  pump  worked  hy  steam,  atuiosjiherie  air  18 
puni|>e<l  into  the  cylinder  until  the  gauge  yhows  a  ji reinsure  of  W  or 
w  11m.  U*  the  sipiare  Ineh.  Tlius  a  double  re^jult  in  oiitained^  /.  e.,  a 
teih^H'mture  *>f  *m^  U*  25<r»  and  also  thi^  pre*4Hure  ui>on  the  yurfiv?eof 
t!ie  wtnttt  tends  to  counteract  the  teiideney  of  wf>oa  to  eraek  iti  van- 
WHiueijce  ctf  the  expansion  of  the  moistun*  withiju 

During  this  seastJiiiug  pniei.>wi,  which  often  iiecupies  sevend  hours, 
if  the  timhiT  be  of  large  siKt\  certain  valvea  are  kept  o[a^n  to  allow 
thi*  i^jiK-atM'  of  tiie  eiindeiisati4»n  and  also  to  create  a  eurrent  of  air, 
wh(cb  *d  itself  aids  in'  the  drying  process. 

ExiK-rienee  alone  will  deterniinc  when  the  wmnl  has  been  subje<*ti«d 
to  the  steiindtig  procesj*  hnig  enough  to  heat  the  woixl  to  a  point  when 
the  HH|»  ami  water  will  vajs^riKe.  Then^  by  eU*singone  set  of  valves* 
»md  o|*ening  iithern,  the  air  pump  lieeomt^  a  vacuum  nuinp,  with 
whieh  the  va|M»rs  are  withdrawn  frtuu  the  eylinder  ana  the  woofl. 
The  w*«>*l  |mrts  with  itw  moisture  to  snel*  nu  extent  that  wtvi-nU 
boufv^  work  t>f  tile  jiinnp  are  tieede^l  to  prmluee  a  vai'uuin  of  24 
iiif'huH,  %vben/iiM,  witimut  steandng  the  wtxxl,  the  aanie  vaeuutii 
would  l*c  reaeiitMi  in  half  an  hour. 

.,  Thus,  then,  the  s4ip  and  moisture  have  liec^n  withdrawn  from  the 
jfT^n  wiwsl  without  hardening  the  fibre** ;  the  wiH>d  in  in  a  vaetnim 
wi  ire?tot*i'n  and  ready  to  drink  in  the  oil^  which  Ls  now  ad- 

111  sing  beeii  previously  heated  to  alKJUt  :^^f  Fairt,     Tlie  oil 

fsiwrn   i[ifx>ugh   jn-rf*>rat4Hl   pipeM,  by  whieh  every  i*tiek  U  at   onee 
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bathed  with  oil^  wliit'h  y  aliHorUKi  rapiilly.    When  the  cvUiidi*r  h 

full,  the  (»oiitentH  are  **uhjt?fte*l  U>  a  ^irejiHiire  t*f  liK>  IIjh*  to  the  S4|iiai^ 
int'h.  LiiitH  the  W(wni  lian  Hii^urJied  the  rt4jiijwit4.*  ituantity.  ThiH  eon»- 
pi  etc**  the  j>n>cei*H. 

I  stated  aljo%*e  that  *M -reoHutetl  wtxjd  i^  jjnietieully  liiiiieri^hahle,'* 
Thin  may  apijear  ti  stnui^  .Htateinent,  hut  1  think  it'ln  tuiriie  out  hy 
faetn,  when  tht*  ijpemtiou  <H'  en^iK-^fitin^  h*w  heen  thtmmghly  pvr- 
fbnnetL  Thin  |*r*H*e.Hs  in  Uio  reeent  in  tliis  eountry  t*i  aftimi  iiiuc'h 
rteinon?4trutii>ii,  A  IVw  htnnlrerl  ertnisoti'd  th'^t  were' laid  in  tlie  r<md- 
t>ed  of  the  Phihidi'lnlija  am!  Heading  K.  R,  in  tST-'i.  These  are  in 
perf€*c:t  (condition.  Ten  thiainand  ereottoteil  Virginia  pine  ties  were 
laid  in  the  C'entml  H.  It.  *if  N*  J.  near  Bound  HitKik  hefr^n.^  the  C*eii- 
t<?nnlal.  All  the  t raffle  »f  tliut  nmd  hiw  jiaxKud  nvtr  theni  in  tbiit 
time,  and  they  have  i^toml  the  test  well,  Tliey  Inive  init  eut  in  the 
lenHt  under  tile  rail,  ami  are  hi  iK'tter  eoiiditMiii  than  white  oak  lien 
laid  in  the  wiune  plaee  at  tht^  same  time.  Thif*  ex[HTiment  will  be 
useful  in  showinji  thes^uperionty  of  a  eheaii  and  eomparativel^*  value- 
le«H  wiMid,  criHwcited^  ovurthv  iii-Ht  kimisof  tindnT  iintreatetl  for  K.  R, 
ticn.  The  former  in  niuny  part**  *»f  the  eomitry  will  ei*Ht  about  th<* 
rnime  t\^  the  latter,  and  taltirijf  Kur^kjjean  experienee  a.^  a  preee<leiit, 
last  at  least  twieeasi  lr?ng  and  then  U^uHeful  forwidtn^^i^r  fence  ^jOHti*. 

In  two  nuniherH  of  the  t^hiea^o  lictUwfiif  J^rvkw,  May  lltli  and 
IBth,  187S,  is  a  translation  whiel*  1  made  from  the  State'  reeords  of 
Belgium  of  an  artielo  an  the  u^e  of  rre<)«ot<'d  tit^  on  rhu  State  rail- 
way w  of  Belgium,  Ity  t/iuirle^i  (*iiiMne,  Hu[)eriiitendenl  of  the  eroHol- 
injr  e«tabti.HiliineJiti!i  eonnwted  with  the  nuJway^.  Thin  artielc  will 
iiitert^t  every  engiatHrT.  It  nhows  that  dnrinj^  ten  years  l,(t82,K8f* 
enxw^oted  tit^  were  laid,  or  aliont  tWfMliirdK  t>f  the  wliole  ntiinlier  in 
use  J  and  all  of  these^  exeept  WX^  were  of  11  r.  Mr.  Coisne  di^erlbee 
the  eondition  of  the  ere<jw3ted  t\en  exhihiteri  at  tlie  Pari?*  Exhibition 
of  1S67,  which  had  bw^n  in  une  from  1*4  toiil  yearn.  He  also  dene ril>f^ 
an  experiment  of  hi^  own  with  IIM)  thor<njj^ddy  ereftisoted  ties,  whieh 
lasted  an  average  of  \U  years. 

An  extended  eorres^pondenee  with  the  Ciuef  En^dneerM  of  all  the 
Eailways  in  (treat  Britiiin  the  past  summer  diseUiseft  the  faet  that 
ereoaoted  Baltie  fir  ties  are  alone  used  on  ail  the  roads  in  that 
country. 

Beveral  ereowoted  fir  tie.s  have  been  sent  by  these  enghn^ers,  whieh 
have  been  In  use  fn>in  12  to  1N>  years.  OnV  sent  by  Mr,  Harrijion, 
Chief  Engineer  of  the  Xortli  Eastern  Hallway^  about  w  iiieli  hesayn: 

**NEW-C?AKTLE-ON-TvXE,  ExtiLAXU,  AtT(;.:idi  1S7K       . 

**ThiWRample  of  a  Seoteli  fir  sleeper,  ereos<jted,  was  mi  Jul^^  20th 
taken  pn>mlseuously  out  of  half  a  niiU%  that  waj*  laid  down  m  our 
main  line^  near  Tweed  mouth,  in  June,  iHTiS^  thuh  having  lH^*n  in  use 
for  2(1  years.  I  consider  them  still  in  a  very  giM>d  condition,  and 
likely  to  %v ear  other  ten  years  yet;  tlK*y  have  bt^tnj  run  tiver  during 
that  time  bv  all  the  passi^nger  and  gisxis  trains  tietween  liiJiiditn  and 
Edinlnirgiil" 

Half  of  tbif^  Hleei>er  in  in  the  Museum  of  the  Am.  Soc.  of  (?lvU 
Eiiglnetirs  In  New  York.  It  is  perfectly  sound.  It  i^  not  cut  iu 
the  least  under  the  raib  There  arc  only  two  snike  htiles  U>  eaeli  rail^ 
and  the  w^kkI  about  the  holes  and  umler  the  eludr  in  linn  and  sfjtid. 
The  wood  Itself  is  far  hanler  than  fir  in  it>«  natural  eondltion.  It 
would  be  nmlted  among  very  hard  woodn.  It  shows  the  truth  of  a 
statement  made  at  a  meeting  of  the  Institute  i»r  Civil  Enjfineen*  in 
London  Home  years  ago,  that  en.*oHoteii  wood  is  the  only  \vtM>d  which 
impriiVeH  wltli  age. 

Time  will  not  allow  me  to  <lo  more  than  mejition  tlu^  other  quality 
gf  creutjote  oil,  which  is^  of  va^jt  importance  iu  this  country,  i.  e,  ft 
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te  the  only  p*ijbstaiipe  which  \^  known  with  eertiiiiity  to  he  a  pmt ca- 
tion t«  put's  J  t*ti*.,  exi»iHtnl  in  hilU  wiitt-r  to  the  tortnio  nii'!  iimrlne 
ftiMH'ti^,  All  thiiher  iHeii  tnr  iltiek  purpfise?*  in  Eumpo  In  previoimly 
epi*c*w>t€»t! ;  this  uneof  i-reo^^iited  tiiiiln.*r  U  not  new  iiiul  experimentiil 
niei^Iy;  hut  has  Ui^en  rally  leHtedJ 

I  huve  jiHt  fefeivtyl  ffotn  VivyA.  Truxton,  f*iiptain  of  the  Nftvy 
Vaffi  nt  Norfolk,  Va.,  two  hlofkn  nf  wiiite  pint%  one  ereo^oteil  at  wiy 
workf*  ami  the  other  nntreiittML,  They  were  expoKL'cl  in  the  water 
Juni*  IM  anfl  taken  fuit  Xov*  1,  187H.  *The  pine  plank,  to  whieh  the 
hkiekn  were  uttneheil,  an<l  the  untrefiteri  hluekareeonipletely  riddled 
by  the  teredo,  wliile  the  eriHiwoteil  lUoek  waw  not  touehed  hy  that 
<lWt  ru  c*t  i  \  e  1  n  ol  I  n  rM  k  * — 

Mr.  Andrews  ex  hi  hi  tod  Hi>eeimens  of  various  kind^  of  wood  rery 
III  . '     \m  \trv^  n  a  ted  w  i  1 1 1  e  ri*<iHote  oil,  a  n  < !   t^peo  Ini  e  ns  o  f  ra  i  1  w  n  y 

t^l'  hu*h   hufi  heeJi  In  ume  in  Kurcine  fremi  12  to  2(1  yetinH^  and 

v,^  >t\y  Hfumd.     Hi'  alnu  i^howed  i>hK*k!4  of  wof)d,  whieh  had 

Irt  dl^v  ertHjiJdteil  tind  then  exposed  in  thenea  where  the  tereilo 

is  1  ve.    They  were  rnjnpletely  riddled  exeept  whereproteeted 

b^Mhe  ereot'ote  oil /and  thone  ixirtlon!^  had  not  been  touehed:  ^^^tl 
other  rtiMH'i tn en K,  whieh  ha*l  l>een  exjMjMCHl  in  the  sea  in  Cuhfornia 
and  A«p!nwall,  where  the  hole«  eut  by  the  tereilo  were  J  of  an  incli 
In  dianirtiT* 


BUTLER  MINE  FIRE  CUT-OFF. 

M^Errrso,  OfT*  hn^H.— Mr.  L  \W  Morrii^  read  a  letter  from 
Mr,  C  F,  (Vinriul,  whieh  ^ravetht.*fontfcwani^  interep*tiii|^  Inrommtlon; 

"  Before  kwutinir  the  line  of  the  eiit*<jtr,  I  learned  of  the  first  ft  re 
whieh  they  had  in  the  Kiine  vein  jl4  fet  t  thlekf  in  185'i-57,  mid  after 
careful  inijuiry  Ifarneil  its  ptisition  an^l  made  my  location  for  the 
thn>ugh  eid  to'pivs-j  im  near  tm  pi>isible  through  theVentreof  the  *  old 
Are/  TIdw  wiiM  tluin%  honing  to  tlnrl  all  condnirttihle  matter^  eoal, 
*  jajob  *  and  earhonaeeouH  j:ilate  Imrnt  to  ai^hei*^  In  wideh  eajse  it  would 
have  ?tav4*d  mimy  thouHanrl  yardn  of  exea ration,  aw  It  would  have 
pr^'sM^nted  an  impasj^itile  barrier  to  the  progresH  of  the  present  fire. 

''  Tlil"^  eut-<ifr  afltjr<le<l  an  opiwrt unity  rareh%  If  ever^  equaled  to 
l*mrn  truly  and  fully  the  work  of  a  fire  in  a  eoal  mine*  It  waa  found 
the  Hlate  almve  and  nnrninnding  the  eoal  an<l  all  the  *gob^  w*aii 
bunie<t  Hther  U^  *t^liww  or  into  sIm^jt^  refienitilin^'  ordinary  funiaee  t^lng^ 
w]  ■  "  itillarH  of  ^oHd  eoal  were  perf^H'tly wound  and'brij^ht.  About 
tb  of  the  fonrte^'ii  fet-t  vein  of  eoal  is  an  ei^rlit  inrh  line  of 

iUu%  itiJM  iUifi  wan  fouml  liurned  to  a  white  a»h,  while  the  eoul  aljove 
and  bt»low  were  perfectly  bright.  When  the  fire  reached  the  end  of 
ll^  workings  it  maile  ih*  further  pn^KT'^'^r  kjut,  alter  burning  the 
fldlen  piH'k  to  iunhesi  or  i^laK»  it  entered  the  fae^  of  the  eoal  two  or 
th nt-*  inch e«  an d  t h e n  wen t  < ni t> ' ^ 

Mr.  Connwl  cooeluck^a  by  saying  that  he  is  led  to  believe  that  ttolid 
eoaJ  eiinnot  \w  burnt  in  plaee;  that  slate  roek  found  in  eoal  vein« 
fDntaini*  nion*  j^an  than  the  eoal;  that  firew  in  coid  mines  are  fni  and 
Bve  on  the  **goh'*  (refuse  slute^  etc,  J  anil  giLscs,and  that  *'goh^'  is  an 
tXiDidleti  t  ret*er vi  li  r  U  *t  gikn.  Yen  t  i  1  a  ti  on  w  1 1 1  t  "itr  ry  i  tfT  free  grts ,  h  u  t 
**gBl>*'  bohI»  gsm  ii«  a  Hpfmgc*  doi's  water. 


'8m  trvulAilon  bY  apvAker  of  «  pftpar  by  Voi^  BtainlmQer,  of  Hollttadli  In  Pofii  Bel9 
mmmf,  Aa^  ana  Scpi.,  un. 


m 


Notm  ami  OmimunuyilutrtM,        [Proc.  Eog.  Club, 


THE  ST,  GOTHARD  TUNNEL. 

Mbbting^   Dec.  Tth.— Mr.  Coleman  Sellers,  Jr.,   read  exti«/etii 

from  a  private  letter  written  from  Cjeneva,  Octf>l>tfr  1,  1878 1 
Uy  a  gf II tubman  of  tliis  tdly,  by  Mr.  Walton  W.  Evans,  the  emi- 
nent c^mfiultini?^  engineer.  \  /  ,  "  1  went  ovt-r  the  St.  tfothanl 
iiailwuy  with  the  engineer,  ai»  far  as  the  h\^  tunnel,  to  see  the  inoil 
ditlit^iilt  railway  woritrt  ever  attempted  In  the  world ,  nearly  one- 
third  of  the  whV>le  line  is  in  tunnelK*  In  t*ome  plaees  the  nulway  is 
put  In  tunnel!*  to  get  it  out  of  the  reaeh  of  avalanches;  !n  one  ca^e 
the  engineer  pointetl  out  to  me,  vts  we  were  riiling  on  the  high  way » 
BOtyO  TOfeetalK»ve  the  river ,  the  piaee  wlierean  avwlaiu^he  eutne  down 
last  i*unimer,  filling  the  whole  valley  and  <^ming  up  into  the  road 
where  our  carriage  wiiA.  I  will  eneloee  to  jy*ou  a  tskefeh  of  a  pieoe  of 
the  location  of  thiw  railway  taken  from  their  map.  Their  fixed  max- 
imum gradient  ii*  1  in  40  f  their  IVxed  minimum  radiu?*  of  curvature* 
is  liKK)  metres*.  There  are  no  side  valleyn  to  run  up  and  liaelt  a^cain 
to  get  distance,  and  n»  the  valie;i^  in  sonic  pla4«e**  ri^sej*  faster  than  the 
rtxed  gradient  allowr^,  the  engineers  are  fori^  to  tunnel  into  the 
sides  of  the  mountaini?  in  entire  eireles  (corkacrew  circle»>  to  get 
distance.  The  sketch  I  enclose  ahows  three  of  th(«e  circular  tunnels 
ahout  eigltt  klloe  north  of  the  big  tunneh 


/' 


./ 


^' 


V. 


**  The  waved  lines  show  water-courses,  fJ  €f,  being  the  river  Reu«a. 
The  full  linen  show  the  location  of  the  raihvay  lines,  and  the  dotted 
lines  the  tunnels.  The  points -4 »  jE^and  Cshow  bridges  over  a  cb^ 
cade.  The  bridge  at  J3  is  about  5(I0  feet  ai*ove  the  bridge  at  A^  and 
the  bridge  at  C  is  about  :-S00  feet  above  that  at  M,  The  eircles  in  the 
tunnels  are  2tHM)  metres,  or  ti^J2  feet  diameter. 

^*On  the  south  or  the  Italian  side  of  the  i>ig  tunnt^l,  are  more  diffi- 
cult locations  still.  The  roads  here  are  l>eautiful,  I  mi  It  and  kept  in 
order  by  the  State,    All  their  w*ork  le  w*eil  done. 

*'The  tunnels  of  this  railway  (even  the  big  tunnel  18  solid  granite, 
and  wide  enough  for  three  tracks)  are  arched  with  gnmite»  but  Hitle 
inferior  to  the  faec  work  of  the  Astor  House.  Vou  can  imagine  that 
none  but  the  rich  nations  of  Europe  could,  for  a  moment,  think  of 
building  sueli  a  railway. 

"  I  wa^  run  into  the  big  tunnel  fbr  two  kilos,  on  one  of  their  air 
engines,  to  see  a  drilling  machine  I  om'ie  explained  to  you.  Baron 
Lauber  tells  nie  it  is  pressed  against  the  rock  with  a  pressure  of  im 
atmosphert^,  and  that  it  walks  Into  granite  as  if  it  were  cheese/* 

*  *  *  In  reganl  to  the  abundance  of  water-i>ower  in  Bwitzerland, 
Mr.  Evans  says:  '* There  is  a  tremendoufl  water-powder  going  to 
waste  all  over  i^Mitzerland ;  you  can  see  in  hundreds  of  places  streams 
of  wat«r  coming  down  nearly  perpendicular  for  lOtlO  or  *MM^  feet.  At 


Ptiibi.  liW9.  Xo.l.]      iVo/«  anrl  Comtnumeaiimu. 


8S 


tbe  great  tunnel  of  the  8t.  trothard  Railwuy  the  river  Reusa  cnwaew 
the  \ery  nioutli  of  the  tmmel^  and  ^ivewtiie  ♦*riKinc'i*ri^awuter-i>inver 
fifty  tirm«  |rreuti:T  thwii  they  enii  u^^e  for  poni preying  alr^  iimklng 
rtfrnirn,  i-tt\,  et<'," 


» 


NOTE    ON    BRIDGE    ERECTION-PITTSBURG    AND 
LAKE    teRIE     R.  R* 

"Mi^frriNa,  Dkci,  21st.— Mr.  IK  MoN.  Stiuifter  i*ommunh'ateH 
I  hi'  foHowinij:  I  hie  t?f  the  chief  ail vrtiitii^^ew  nf  the  Auierieaii  **yHteiii 
iif  hrittjri'  etin?*tnk*!i*>u  ii^  tiie  r^peetJ  with  whh'Ji  large  i*\muh  eiiii  lie 
tT»'ft#'<l,  over  *itreiitiu4  f*uhjeet  to  nuihleii  MihkIh^  ete,,  when  tinie  U  of 
the  utnjowt  1rii|M*rtiiiire* 

Aj*  funilwhiiiK  tiiiothtT  exjunple  of  inipid  eonslmctiotj^  tnu'  surimHH- 
ifig  by  fur,  in  I  hue,  anything  hefon*  atternptpfi  or  iit  least  areoin- 
plti^hf^l  on  tlie  Uhio  riv^er^  I  have  gatheretl  some  myU^  from  Mei^Kr?*. 
rofffjiJe  A  Baylor,  ihoiU-ftignerHand  oreeterH  of  the  hrUlge  hi  4ueHti4jn. 
Thii*  hrifige  i'nw^st'*  the  Ohio  river  at  RfH-ht^ter,  I'a.^  on  the  hiir 
of  the  Pittrthurg  sunt  Lake  Erie  R.  R.  It  U  2.*)n<»  ft,  Itmg,  ainl 
the  Hill  if*  t«»  ft,  alHive  t^rilhiary  water  leveL 

The  main  etmnnel  .s|ian  i>^4^2'  IK'  long  from  j)ier  eentreM^  [21  paiu*U 
21'  1"  i^aehj,  »H  42'  2^' high  between  pier  eeiitrt^,  ami  18  ft.  wi^h' 
t>elwet*n  tm?*'*  et-ntri'^.  It  Is  a  wingle  traek  through  ^imu,  mmli} 
entirelv  of  wrought  inui,  the  only  cawt  inm  untMl  Unng  in  a  tVw 
Hniall  ftUing  pieet*t*.  The  design  of  the  truK**  is  a  *'  double  eatu'ella- 
tion  rratl/'  It  wt*lghH  .'iofHi  IW*  per  Ihieal  fo4>t.  or  hua  a  totid  weiglit 
of  L*UN».(N3«.i  IJi^.  As  before  nientioiiod,  the  mil  on  this  npan  in  W>  ft, 
abovr  ordinary  w^ater  level. 

The  ereetlf>n  of  thi?i  ehaiinel  span,  to  which  espc*eiol  attention  It* 
e^lletl,  wa?*  atten  Jeil  with  great  risks^  from  thr  sudden  anrl  frecjuenl 
rt»f  of  the  river  and  fnmi  the  almost  eonstunt  j>4vsHage  of  heavy  tnws 
of  ef*al  hurge^  from  I*itt*<!iurg. 

Ttie  faUe  wtirks  eonsistefl  of  thn*e  ecjual  spans  of  woiKlen  Howe 
iruHM,  ^ujjjMirtx^d  liy  twcj  %vcMMJen  trestle  piers,  whieh  piers  were  tn 
turn  B-upjKjrte^l  by  pier^«  of  <iry  masonry  ulKiut  10  fL  high,  rt^ting 
iipjii  platf<trms  Bunk  on  the  river  iKvttoni. 

On  Aug*  Itlth^  1878,  the  eontraetorg  commenced  getting  the  fal«e 
works,  and  though  they  were  very  eonsideruhly  delayed  liy  a  frt^het 
tti  the  river,  this  |>ortioti  of  the  work  was  (iuishWl  on  Aug.  24tb,  or  In 
U  day^. 

tJirAug,  24th,  they  comnienct^l  purking  the  lower  chords  of  tins 
channel  siian.andouSepl,  7th  they  sw^uii^^:  the^pan,  iujuwt  two  weeks' 
time,  ikud  just  <^Mpiug  a  lieavy  rise  in  the  river^  and  on  Kept  20th 
the  rtrsit  engine  passe*!  over  the  bridge, 

FroiJi  July  Kitn  to  Aug.  Jat,  or  in  in  flfteeji  clayw^  time,  the ^ame  firm 
•wung  tw^o  2S0  ft-  det^k  simns  and  one  'M^  ft.  thniugh  span, 

Thetii**k  ofeonncctlng  an<l  =iwinging  a  truss,  weighing  l^fifMl,<WH» 
IbK.,  at  a  height  of  IN)  tt.  or  to  thet^in  ebord  of  \m  ft.  above  the  water, 

,  nf>  short  a  time,  and  over  a  tri*achcrous  river  is  one  of  whieh  the 

iiilders   may  justly  l>e  jiroud.     As  I  havf   l>efore  reniarketl.  It  has 

frver  lK*en  equaled  over  the  Ohio  ri\*er.  With  the  English  an<l 
CVmlinental  s>-«it**m  of  riveted  lattice,  a  span  of  hkeilimension«  would 
hnvr  ei*iLsunie<l  more  months  thaJi  these  nien  took  we<?ks,  besida* 
making  necessary  a  numt  elaborate  and  expensive  syfitem  of  fal>*e 
work**,  to  insure  the  ^afetj^  of  the  work,  thr*mgh  so  long  a  perioil  of 
iisim. 


^fi  Notrs  and  Cammunleaiicns,        [Phic  C!ng.  dn(>, 

IRON  CARS  FOR  RAILWAY  SERVICE. 

MEETixa,  Dfx'.  21flt.— Howard  Fry,  Corresponding  Member,  com- 
municated tlie  followinfl:  Notes  on  an  Iron  Box  Car  running  over 
the  Philadelpliia  and  Erie  Divinion  of  the  Pennnylvania  Railroad,  in 
Empire  Line  service. 

Thin  car  was  built  as  an  experiment  by  Murray,  Dougal  A  Co.,  of 
Milton,  l^u.,  and  is  of  the  ordinary  dimensions  fijid  weight  of  a 
Penna.  R.  R.  box  car.  The  framing  of  the  c^r  is  all  iron  exempt  the 
end  sills  and  the  centre  stringers  which  are  of  wood;  The  iron  sills 
are  plain  I  lieams ;  the  floor,  sides,  and  roof  are  composed  of  tbAn 
iron  plates  and  there  is  an  inside  lining  of  wood  up  to  the  load  line 
of  grain.  The  car  has  been  running  since  March,  1878.  In  seven 
months  from  time  of  starting  it  ran  14,094  miles,  principally  between 
Philadelphia  and  Erie,  though  sometimes  going  west  asfkras  Detroit 
and  Chicago.  Itn  lading  was  ocx^asionally  miscellaneous  flr^ght  bat 
principally  grain  in  bulk,  and  the  loaas  carried  amount^  to  of 
wheat  80,()0()  lbs.  and  corn  29,000  lbs.  At  the  end  of  seven  months' 
service,  the  ear  was  inspe<»ted  and  no  sign  of  weakness  could  ba 
note<i.  When  loaded  the  body  l>olsters  are  held  clear  of  the  frictioii 
irons  oii»the  sides  of  the  trucks  so  that  the  trucks  are  truly  **  centoe 
bearing."  The  car  is  considered  to  liave  stood  the  wear  and  tear 
better  than  a  wooden  one,  and  no  trouble  was  experienced  by  Uie 
grain  heating  during  the  past  exceptionally  hot  summer,  on  which 
point  many  fears  were  entertained  when  the  car  first  went  into 
service. 

No  repairs  have  been  made  on  the  car  up  to  date.  The  time  will 
arise  when  the  question  as  to  the  suitability  of  iron  for  car  building 
will  1x^  an  important  one,  so  it  may  be  useful  to  oiir  members  to 
know  where  one  at  least  of  such  cars  is  being  tried.  I  have  not 
added  any  detailed  <Umensi<)ns  as  that  is  not  an  important  point  in 
the  present  stage  of  the  question ;  if  it  is  once  decided  that  the 
matrnaf  is  suitable,  its  proper  aj)pllcation  will  be  more  carefully 
studied  than  in  the  cars  heretofore  built.  The  designer  of  the  car 
I  have  note<l,  would  make  considenible  Improvements  if  he  were  to 
build  any  more.  The  history  of  iron  cars  in  America  is  a  curious 
one ;  they  have  beiMi  used  on  some  lines  for  15  years  and,  if  ^'ou  were 
to  ask  why  they  are  not  more  generallv  known,  the  people  who  have 
had  niost'exi)erience  with  them  would  be  least  able  to  show  that 
they  have  been  failures. 
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JAMES  W.  QUEEN  &  CO., 

924    CHESTNUT    STREET,    PHILADELPHIA, 


DRAV7ING  INSTRUMENTS, 

HOLL   ANDSHEKl  DH AWiNd  FAPKHH,  TllAt  INCJ  CLOTH 

AND  FAPEHH,  WA TEIl  COLORH,  BHUHH?:S,  &t\ 

ENGINEEIVS,     AHCHTIKCT^K     AND 

DRAUGHT8MKN*8  SUPPLIE8 

OK  EVERY  DKHCMUPTTOX. 

Ht^uil  ft^rour  fully  UluwtrultKl  ami  prluetl  uatal<»^uett  of  luallU'iiiatU**!! 
Iiitftrtiitiaate)  and  luatt^riak^  150  |jHges.  Optltml  Iijj^tTUinenbif  144  pages. 
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Pmr.  Ew/.  Qutt. — AdvrrluiemenU, 


The  Stow  PlexiWe  M  Co,, 

(LIMITE]).) 

^^^.>I.K  MAKKKM  KOIt  OTHEK  THAX  HENTAI.  ITRl'iiKFy  oKTHK 

Stow  Flexible  Shaft, 


A  r>^  > 


TOOLS  &  MACHINES  OPERATED  THEREWITH. 

Ttii'  FU'XiIjIp  Shaft  is  appliaiUU'  U^  a  lar^t-  miinLHT  of 

oj.M*nitiojm  in  nirtal,  wimmI  arul  stoiif  wurking. 

Witli  the  drill  pres^  and  "  Rouml 

AlM>tit  Tnmsfer  "  the  ^haflt 

funtisn  (ViMPLETK 

PORTABLE   POWER  DRILL, 

OFFICE,  500   NORTH    FIFTEENTH  STREET, 


PROCEEDINGS 

OF  THI-I 

Engineers' Club  OF  PiiiLADiiLPiiiA. 

ijRGANt^KD  DECEMBER  171b,  1877. 


IN  MEMORIAM. 

It  in  wiiJi  i^eiitiiuenr^of  luon*  than  unliiutrv  regi^t  rljat  we  unnoiuux- 
to  the  tnt?mt3ej>4  of  the  **  En^rinwrs*  Cliilt  r^f  Plnljieklphia"  the  death 
:>f  our  hite  Vmi  Pm-ideut,  Mr.  J.  j\  KKfGHT. 

AJthoui^h  Mr\  Kkhiht's  t-oiniec^tion  with  aiir  or^iiifmtion  hiun  hovn 
hrief,  wp  (HDUot  but  realfsEt!  that  in  hi*  unexpected  death  we  have  hmt 

Imn  ai-ttve  and  diKein^uiHheil  meiuWr,  one  who  hy  his  win*th  as  u  nuw 
hmi  t'lJiiturtHl  hiriL^'lf  in  all  with  whtMU  he  tinuv  in  eimtaet,  and  l>y  his 
!rt?eiT|riiixt*d  .nkill  and  long  ox[jerienee  m  an  f>rgiinizer  and  direetor  had 
alrt^ulv  done  nincli  to  advaH<;e  tire  hest  intcTust^  of  oiir  iLSHcxnation, 
Mn  KsiciHT  wa<,  |ierliu]>s,  best  known  tl^rou^h  hk  eonntvtion  with 
IIh*  Fmnkh'n  Inwtitnte  of  this  city,  and  we  aiT  indebted  to  the  proeet^l- 
pn|!«  of  thf-  IVwinl  of  Maniigen*  of  that  tn^tttution  fin'  the  datn  fmni 
whirh  file  follmvnig  memoir  is  conipUed  \  ^ 

Jxirtn  Brown  Knight  wa^lmrn  ne^ir  Brownsvillcj  Jeffenson  eounty, 
f*  Y,,  on  June  2(1^  1833.     He  was  the  mil  of  George  J.  Knight  and 
LAIm    Bnmii,  hlK  wife,  anil  tlie  ^nimlnophew  of  Mai<)r-gent'j*al  Jatnib 
[.Ikovit^  mnmiander  in  *'bief  of  the  Unite*!  Stute?*  army,  and  a  di^tin- 
^Wieil  oflioer  of  the  vmv  of  1812. 

Hi**  |iaternal  anfestoi^s^  were  members  of  the  ScK^iety  of  Friemls,  and 
unong  the  otigina]  settlen^  of  l*hiladel phia — Gile??  and  Mary  Knight  hav- 
tlQie  t«?en  fellow  (ieiik»ienp.'r^  of  William  Penii  in  the  .ship  Welcotm — itnd 
Iknih^I  fir^t  at  New  Ca.-^tk%  (K'tolwr  27th,  1682.  They  took  np  land  in 
[BylnTTy,  I*hiliule!phia  eounty,  Pa.j  where  their  dest^undant^  ai*e  yet 
[iitutiieniu.H. 

Ill  I804y  Mr.  Jjimel  Knight,  the  gmnd father  t»f  tiie  snbjeet  of  our 
[tiifitiiiir,  liotight  a  tratt  of  land  at  Blaek  River,  in  the  St^ite  of  Xew 
York,  and  u{xjn  this  trat-t  hi8  mn  Gt*orge  settletl  with  lii^  tamilyj  anil 
[Ivt'tr  Mr*  J-  B.  KxruKT  whb  born. 

He  rvi*eiv€il   his  early  edneation  at  the  Watertown  Instittite,  and 


88  Jn  Menuyriam.  [Proc  Eng  Qnb 

while  still  a  youth  evinced  a  decided  taste  for  mechanical  pursuitH, 
M'hich  taste  was  developed  by  his  training  in  the  machine  works  of 
Hoanl  <Sr  Sons,  Waterto\\ii,  and  in  those  of  Merrick  &  Sons,  in  Phila- 
•<1elphia. 

His  hwilth  failing  him,  iii  1855  he  went  South,  and  was  there 
-engaged  in  the  erection  of  sugar  and  cotton  machinery  until  the  break- 
ing out  of  the  rebellion,  which  proved  disastrous  to  his  fortunes.  He 
then  became  a  consulting  engineer  in  the  city  of  New  Orlejuis,  was  an 
officer  of  a  society  of  engineers  established  there,  and  an  occasional  con- 
tributor to  l)eBow*s  Review. 

Mr.  Knight,  having  returnetl  to  Philadelphia,  wsis  in  1873  made 
3i  nipmlwr  of  the  Franklin  Institute,  and  on  July  1st,  1874,  he  was 
4ippointe<l  General  Superintendent  of  the  Franklin  Institute  Exhibition. 

The  marked  success  of  this  exhibition  >vas,  in  a  great  measure  doe 
to  the*  imtiring  zeal,  the  intelligence  and  executive  ability  of  Mr. 
Knkuit,  ('ouj)leil  with  his  previous  exjwrience  with  an  industrial  fair 
held  in  the  city  of  New  Orleans. 

The  Franklin  Institute  in  Jamiary,  1875,  testified  its  appreciation 
of  his  services  by  electing  him  its  Sa*retary,  and  he  was  annually 
re-eleiled,  and  most  satisfactorily  i)erformed  all  the  varied  duties  of  this 
position  until  alx)ut  ten  days  before  his  death,  which  occurred  on  March 
10th,  1879. 

At  the  time  of  his  dwith,  Mr.  Knkuit  was  Secretary  of  the  Frank- 
lin Institute,  editor  of  the  Joxumcd  of  the  Institute,  representative  of 
the  Institute  in  the  Boanl  of  Trustees  of  the  Pennsylvania  Museum  and 
School  of  Industrial  Art,  Vice-President  of  the  Engineers'  Club  of 
Philadelphia,  and  member  of  the  American  Philosophical  Societj'. 
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ANNUAL   ADDRESS 
ClF  Prof,  Lkwis  M,  Haui%  C.E.,  Rctjrikg  Pre8IDE3«^. 

J/ftnf  Jauitarif  Hth,  IHIU. 

(fKNTl.KMKN  ; — in  iOiising  tlib  meeting,  whivh  hy  the  \mi  chapt^jr  in 
bi*  first  viJtinii*  ot'nnr  Instiny,  it  in  my  privilej^t'  U)  ciill  your  attontiaii 
1i>  a  few*  of  tilt  many  valiuible  and  mttH'c^iting  faet^  relating  to  the 
[J»*vrhi|inK^nt  of  Eiiirim-t  i*iiig  nB  n  finanve,  antl  to  tlie  pnjgreas  tliat  has 
Kt'ii  iiKwk-  in  it  ihiriiig  the  inia^t  yntv,  Origiually  it  waei  aji  art  or 
klijuulk-tuft,  but  even  at  thi-  i^irlii^t  elate  t>f  which  we  have  aiiy  authen- 
LtH'  rts^mi  w«*  fiiui  that  niiiul,  Jiiatter  atid  inutum  wi-re  Hiibje(*t  to  the 
iitie  lawh  ii>  thtiHi'  existing  at  tln'  ]^n*^^'J^t  tinu',  8<jriie  of  these  have 
^miy  beeji  developed  after  t^utiiriea^  i\f  patient  and  hilw^riuujs  iu4uir}% 
whil-t  fitlierw  yei  remain  enigmatieal,  awaiting  the  nioKvsiy^tenmtie  and 
4XJitiiL^etiimttHl  eCinibinationH  nf  fnture  Kientilie  inquiry, 

♦    ^.#  *  *  *  *  *  * 

Bui  rlie  dt^vehjiiment  ha^  Imk^i  t.^x*-eedingly  ^Uak  antl  hiboriouj? — for 

lh4'  iittentjon  of  jirimitive  man  mant  have  l>eeii  tliitrted  to  his  phymail 

Lwafit>^f  and   n*   pri>vide  for   them    he  \vn^  donbtless  ol)ligtd  to  resort  to 

Itimtiiuil  lalK^r,  Im  Hi^t  eare  beiti^  to  apply  sneh  materials  m  were  niut^t 

Li^nthihh*  luid  appropriate  U)   his  inxnu'^liate  iieedw,     Ak  he  at^piireil 

^Irxlerity  In  lu>i  handienift  and  tlin.'ovei'etl  new  materialHj  he  wm  enabk*i! 

4*  |tfuyide  Unih*^  and  utensils  fur  fiunHtating  hi^^  oiJOrationHi  and  inerc:i^ 

jujf  hi«  cHiiuft»rt  and  enrjvtrnieuee, 

AlMide;^  wen^  felt  to  Ik^  indispcnsible,  hj  we  find  the  esirliest  autheu- 
'  mcrtmni  of  any  (KjnstmctioD  in  that  mentioned  in  the  fourth  ehapter 
^CJtnici^i^,  wIh^h'  it  in  rect^rdf^l  tliat  Cain  builded  a  eity  and  tilled  it 

tJie  name  of  In^  .^on  Enoch. 

TIfte  next  development  nu^ntioneil  hi  that  Tulml  Cain  (six  genemtionri 

buer)  wms  "  an  instrut*tor  of  every  artifteer  in  brass  and  iron,"     Thius 

iiht*  forge  fire**  of  that  master  bliw*kHmitli,  glimmering  on  that  aneient 

Ii«*rij9fici,   may  l*e   reganled   ti^   the  .^ymtx>l   and   (a-igin  of   the  grand 

LiiMiiJiauiitil  outgrowth  whieh  ha**  given  }i*jwer  and  ?<tability  to  all  the 

iskfb*  and  i^"ienet**?> 

A  few  generation!?  later,  and  we  may  discern  Noah,  the  fin>t  marine 

[tirrhiteet,  cngage<l  upon  hia  eolt)e8al  Ark,  built  with  such  wonderlid 

the  principle's  of  the  equilibrium  of  floating  bodies,  and  tlie 
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rer|uiremt*nt*^  of  the  intri(*Jite  problemi^  cMmiiectetJ  with  tlie  stsimi^e  nrnl 
safety  cjf*  hi.*^  indiseririiinat*?  ^'^^gp  UJi*l  it^  .siibebtenee  for  tine  year. 
*  *  lit  *,*  t  *  f 

But  we  have  not  time  to  traii:!,  even  iu  outline,  the  hL?tory  of  rhm- 
Eirt  dt?\'elopment«,  nor  to  sjieeify  tin*  many  ejcwllent  engineering  wurk^ 
oi'  the  ancient^.  Siiffit-e  it  tii  f^y  tlmt  ex}>erient'e  n^as  found  to  \w  tt 
giNHl  tmeher,  ami   thniugh   many  faihires    mankind    ]>liMldc»tI   on  ti> 

Yet  it  U  an  indisputaljle  faet  that  there  i^^  even  at  pri*Ht?iitt  a  lain**nf- 
able  need  for  more  reliable  data  cwneeniing  the  materia  1h  we  am  inm* 
Htantly  iL^ing,  The  rules^cif-thnmb  wliidi  have  InH^n  laid  down  Ity 
pn«*tit^d  men  are  inap[jh'ml*le  to  the  ever-varying  ef>ndition.^  of  tU** 
erride  material,  methods  of  maimiactnrej  F<]»einal  iLses,  et*v  Tlu'^^ 
tlefeet^  may  L>e  avoide*!  by  a  more  intimate  knowleiige  of  the  ^tnnigtli 
i»f  the  particular  material  ns*ed  and  of  its  pro]>er  position  in  the  ,^tnu^ 
ture,  The^  pn>j>ertiej^  should  l>e  tleterminiHl  l*y  a  ri»rri|H^teut  Bonn  I 
of  Innpeetors,  to  whom  may  be  smbmitte^l  ftir  tilting  all  kiink  and 
elikSi^es  of  material  UJ^etl  in  (*on?^trnetion*  The  tests  of  niannfa*'tnn'«l 
iirtielejs  to  lie  made  under^  as  nearly  as  may  l>e,  the  -^-ame  t^mdittoa^,  ami 
the  results  published  in  a  bulletin  to  l>e  i^^ued  by  stud  Boani  at  lea^t 
wei^kly.  The  U,  S,  Board  for  Testin^r  Iron  and  Sttvl  was  a  move  ifi 
the  right  diriH-tion,  but  the  failure  of  tfie  a[»pro|)riatiou  has  brought  il 
laboii?  to  tui  untimely  end. 

I  would  g(i  farther,  liowever,  and  nMirdiiiate,  as  far  as  pnirtictdjlo, 
ttfi  the  branehe8  of  s<neni^,  in  a  IxHly  of  experts  to  form  i\n  iNSTITtn'K 
(»P  ExPKHlMKNTAL  8<1ENCE,  tiunpostHl  of  tlu'  highest  grade  itf  ex |K?r' 
imeutei-s  obtainable,  who  ^headd  be*  jiaitl  for  tlieir  servicei  and  lie 
t^xJK'eto^l  to  devote  their  entire  iittentitm  to  their  several  ^[M^jialties,  liut 
holding  frequent  joint  meetings  for  the  leading  of  jmpers  and  dis*'H>^ 
sion  of  methods  and  prineiples.     The  establi.shment  of  :*ueh  an  h 
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tutioUj  pro|>erly  eqinivfU'd  for  exiM?ri mentation  in  the  many  departiuealH 
of  wienee,  would  douhtWs  be  an  exjwn.'^ive  undtTtakirig,  lait  tlie  rt^uk 
woidd  be  a  far  more  mpid  and  general  diffiisioii  of  kuow!e<lge  than 
when  individuab^  gi^pc  alwut  alone  in  search  of  jk^w  trtith.'^  or  <*4>mbi- 
natif»ns. 

It  mui^t  not  1k'  supprtsecl  that  beeauao  discoveries  and  iuventioni^  are 
my  fretjuent  there  is  nothing  left  for  the  exercise  of  our  facuhies — for 
everj-  additional  element  added  to  the  sum  of  our  kuijwlwlge  only 
incretLses  tlie  po^ible  nnnd>er  of  new  and  ii^'ful  eombinatioim. 
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Thp  infofmatiDii  obtained  through  surh  an  iiiHtituije  i\^  \s  \my\^w^\ 
^i*-otild  W  a^'fiil  in  retliKnnjr  tlic  rl'^ks  of  tmveliiig  by  laiul  or  .si-a^  in 
ilniiiobihing  the  vfM  of  tmtiBiwrtation,  and  ct>nsef|iiently  the  price  of 
K  tht*  m-tT^A^irie*^  of  life,  in  latTe^iMnjr  tlie  siifety  of  stomge,  the  stahility 
B-f»f  i^>tiNtni*'tion,  the  rajiiditv  oi'  roniniuniaitie^Tj,  the  luxiny'  and  heiilth 
H^^f  <»ur  homa^  by  imj>iH>ved  sanitatitvii,  light,  heat  and  ventilation,  and 
«  it  might  savt*  the  \vre<*k  of  fortune!^  by  preventing  i^jK^euktion  in 
—^alHiirtl  or  iin|irfteti«iible  .s4'hLme.s  and  l*e  uf  inestimable  benefit  to  the 
H<«  rtiiitrj*  gene  ni  1  ly . 

H  Til  t*lalMimte  tliis  si*Jieme  fidly  would  tiinfaunie  far  more  tiiue  anil 
Hmtt«^tt4in  than  I  nui  now  ^\xv  it,  but  I  would  eiiruestly  .^uggettt  tlmt  it 
Hu  one  wlueh,  if  it  t*:m  ln'  niatnretl  in  the  riglit  spirit,  will  gfj  far 
Ht'iWiirih^  al Ir visiting  the  ei audition  ijf  mankind,  and  add  greatly  to  the 
Hjri*n<^mt  fiind  of  scm entitle  kuowledgi*. 

H      With   reft*jvne**  to  the  in ven t inns  ami  dlt«<x>veries  of  modern  tiraoB, 
the  developments  have  Ix^en  made  m>  rapidly  that  we  can  do  no  more 

I  than   liriefly  ret-it**  st^ujr  of  the  mmt  important  pnijeett*  in  the  several 
«h|mrt merits  of  Engiueuring. 
A  moment'ii  coa^idemtion  will  <'onviuf*e  you  that  the  ehiei'  diitj^  of 
thf  i-ngiueer  i^  to  provide  or  inrresisc  tlie  fatnlity  and  ?>afety  of  comnm- 
^limtai^ii,  wlu'ther  by,  ifiroiigh  or  on  huid,  water  or  air.     His  work  in 
jn^*|teinildy  c^jnncrte*!  with   the  *H.>ni*truetion  of  the  rosid-lied  tmd  its 
Mlliitg  >fiiek,  whetiM*r  it   Iw  the  turnpike  with  itn  Cone.*!toga  wagon, 
r  ihc  iiiiml  wiHi    \\s  ])ai'kets  atul  bargi^,  the  milroad  with  its  improved 
tjnipnicnt^i,  or  tlu'  t*<instruc*tiou  of  pi|>e  liiief*  for  the  eonv^eyanee  and 
^Is^^lnitiiiii  <>f  Hiiitls.     But  nuKlern  aspimtioni^  reaeJa  out  lieyond  sixty 
Itiult*^  an  lifMir,  and,  likr  Puek^  wmdd  put  a  girdle  Mund  the  earth  in 
jiftty  mtnnte>^  by  rlie  late  evohitinus  f*f  (^leetricjil  jaeienee, 

ti'lephone,  phonogmpli,  mieroplione,  phonometer,  and  the  sul)- 
lon  of  ( lii'tric*  <*nrreutK  for  ilhimhiating  pvirj>08t«j  are  not  new  t«> 
lv«Hj  aiid  need  no  dtwription  here, 

Thc^  ijiteiii^fierh  of  our  human  sense**  are  bnt  extending  and  opeu- 
pn{f  the  field  *»f  nature  to  deeper  and  nKJri'  seareliing  iuvestigation,  and 
Bfv  p>wrrful  auxiliaries  iu  aiding  ns  to  dUeover  the  liei*L^tofort*  unkuowa 
»iiu»>«s  of  maiiv  phenomena  eonuecte<l  witli  our  existenee, 

The  pnibh*ni  of  Kjipid  Transit  iseem,s  to  have  reaehed  a  satiijfiit^tory 

*<*!illion  tn  the  rlegiiut  atX'onunodatitins  furuij^hed  by  the  elevatctl  rail- 

[uTiy^of  Xew  Yiirk.     The  appointnientj^  have  been*  wrought  out  with 

•uft*,  n?g»nile^  of  expeuj^e,  and  the  returns  and  patronage  exeeed  the 
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most  sanguine  atitic-iimtioiK  Kveii  its  mmt  bitter  (jpiwnentii  are  uhligt^l 
to  csoncetle  that  the  j^jrsteni  is  a  eoinj>lete  micec^.  There  is  not  m  gpM 
ikhhI  of  II  simittir  sv>:tetji  in  tliis  vxty  tis  its  phm  is  rapahir  i»f  ext^^tiMon 
in  all  diriK^tiaiL'^j  luid  husine.ss  ih  not  su  t'entnitetl.  Still,  thciH^^  an?  s*.iiim 
instances  ^\'ht»rt*  an  f*le\'ated  r<md  woiiUl  Ijo  a  |i:re3it  relief  to  our  (Towtlt'd 
j^tn*et«3.  Thtj.  track  nf  the  Pennsylvania  anil  Pliilatielphiii  and  U+»iuliu|^ 
Cf>mi>anies,  at  lea'^^t,  should  Ik*  elevtited  for  the  mutual  Ijonefit  of  thi^Hi* 
eompanie.-i  and  the  city.  At  the  termini  tin*  i^r?^  tH>uld  Ix'  rtttdily 
lowered  to  the  ground  Hi  Mir  hy  elevatoi^  to  receive  and  fliMmrja:^ 
targoe*^. 

For  the  trauaportatioii  of  fluid?*  in  bulk,  it  m  a  vii>leuce  to  the  lawK 
of  nature  and  a  *lrain  ujwvii  the  wealth  of  the  immunity  hi  m-hI 
them  up  in  tanks,  and  move  M*ith  every  ton  of  .^iu»h  freipjlit  aliiimt  im 
e<(ual  weiglit  of  dead  Um\,  whieli  inu.'?t  be  returned]  to  it;^  i^tarting  [w^iat 
empty.  It  in  a  pniperty  of  fluids  to  run  down  hill,  and  l)y  an  intelli- 
gent use  of  this  property,  with  |>n>vision  for  the  retention  of  tin*  Hnid 
in  tnuisit,  \U  tnmsportatfon  iKx^anes  a  matter  of  a  fvw  eent>  instftid  <>f 
ten  or  twentv  tinit^  that  amount* 

Althonglj  the.<i'  prira-iples  aix?  .^  :^ylf-evideut,  and  nithongli  thoiL^iuif* 
of  miles  td"  |)ipe  liue?^  Iiave  been  hi  o|H'niti4m  in  tlie  lal  regions  for 
many  yetirs,  it  \va.s  not  until  one  of  our  lioiii>njry  menilw^is,  by  a  jitiK- 
tmi]  ajjiilimtton  uf  the  i>rineipal  of  liydraulit!  gnulients,  demonstrateil 
the  feasibility  of  a  line  oi'  uvi-r  *ino  miles  m  length,  that  the  .SoaUtanl 
Pipe  Line  Company  (limitL«<l)  undertiiok  the  novel  task  of  4X»nstrn^iing 
such  a  line  of  [djw  for  the  tninKjKHiatiou  of  |>etroleum.  Contmets  for 
the  delivery  of  ptiM.'  have  I  teen  el(>sed,  and  riie  work  is  now  Wing 
pusheil  rapidly  to  t^onipletioiL  The  right  of  >vay  lias  U*t*n  seeurnl  by 
private  purehase* 

Another  inipjrtant  nuwUTu  imprtiveincnt  is  the  snetrssful  introtlue- 
tion  of  the  Molly  system  of  sttynu  hrating,  which  has  been  for  several 
years  autl  is  now  in  u>ie  in  L<vk|Mirt.  X,  Y.,  whire  over  thrw  niih^  of 
pt|K^  an.^  laid.  The  steam  generatHl  by  boilers  is  distributi'd  by  |>ij»fs 
laid  alxait  thrtr  fV'et  under  gnanKl,  and  is  useel  for  he^itlng,  eookini!, 
and  J  to  a  limitetl  extent,  for  power,  thus  avoiding  tlie  givat  i'XjN  nsi » 
inc^n^^nience  and  danger  of  ket^ping  u})  fimi  in  each  hoii^  for  warmth 
or  eooklug.  The  ixiwTr  nuiy  l)e  a]v|>Ii<'<!  to  ojM'niting  light  inafhintq'v, 
:is  lathes,  sewing  nuwhlntiSj  jig-^^aws,  ctc.j  and  will  prove  a  Ikmhi  to  that 
overworked  elass  of  seiuiistivsses  who  earn  but  a  (utliine^  a  day  at  the 
cost  of  their  lives.     The  system  is  spn^ading  ni|ndly  in  other  ellJci 
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TIm.'  iiie(*hiiiimL]  iliHieuUic?s  of  dif^tri bating  heiii  a«  u  Hirid  jut  lit* 
gn*«(ter  tlian  in  the  i'mc  of  giis  or  water.  i 

In  the  field  of  meehatiiwil  Eiigiiiecriiig  tlie  iiuinl  liit^  mti  \fwn 
tiuietive.  AoiiHig  the  most  beimtifiil  iivventions  for  the  tmii?iini?wioii 
III*  jjower  tlirLiugh  ?^hort  c]mtatlee^«^  anti  in  every  i^:»nreivHble  ilirwlioii^ 
ii*  tfae  Stowe  Flexible  Shuftiiig,  whieh  ha^  lieeii  applied  «o  suooe?wfulljr 
l*»  many  useful  |iiir|MK^>-. 

Martin V  tnie  time  reguliitor  irt  also  an  iiigeaioits  piecx?  of  meehaiUHiii 
i^iufitrtieteil  in  mark  the  a]}i);ireiu  solar  iiiHt^nKl  of  the  meiin  S4jlar  time* 

The  Pneumatie  Tramway  Enjjfiiie  (Vimpaiiy  of  Xew  Yi»rk  have 
lierft^-tail  mi*l  MUti*wfnHy  iiitnMhicx.*4l  maehiiiery  for  using  tTtniinx.^eJ 
air  m  a  motor  for  street  ears,  at  aI>ont  one-litdf  tlie  prcwfiit  tint  of 
hi>i^-iM»wer, 

The  tnULS|»f>rtatiotj  and  t-ri'i'tion  of  Cieojwitni^i^  XcecUe  ha.s  Ix^eii  one 

I  if  tlie  iiovel  and  iiiti«re^ting  events  of  the  year,  whieh  ha^s  als<»  lieen 

inarktil    l>y  a  Ini^i*  aumunt  i»f  work    in    ]m»gress   on  many  va.st  engi- 

it*ering  struct unvn,  a-^  tlie  l*^ist  liiver   liriilgt^,  Ht,  Gttthanl   Tiinnrl^ 

lUlh  Pii^  Improvemenf^  and  many  other  important  work-;, 

Bot  this  n*«Mird  of  dit*  man*li  of  imprnveim^nt  woidd  not  In*  txtm- 
witltotit  n^nnndiiig  yon  of  the  .seal  and  ,*«tam|j  of  etunmendation 
,ed  t'l  the  .^kill  and  ing(?nnity  aKsembk^tl  tii  thf  American  Sieiety 
0^  Ci%*il  Kngim^^D*  Uy  Fmnt^%  that  eritic  of  nation^,  t-j^pecnally  on 
eo^  _'  '^iibjei't>i,  ill  )jranting  the  higlie?^t  Award  of  Honor  to  the 

ab<<^  ry  fuT  if 8  exet-lleut  dis[day  at  the  late  ExiKif^ition  uf  *7H, 

Wi*  Iwivf*  now  reviewed  briefly  j^jine  of  the  e\'ente  of  the  [lartt  and 
pn>i*iit«  It  only  ix*matiH  tt>  hwk  into  the  fiitnre  to  dl'^xMni  some  of 
the  moH'  prominent  faiturti^  of  the  work  Ix^foiv  its,  and  the  aOatioris 
whidi  till?*  elnb  l>ear«  to  that  work. 

If  we  tiesiri*  to  gnw  and  Ik*  ui^efnl  to  the  tfjnimunity  in  whieh  we 
Itifr,  we  mit^t  exert  our-ielves  for  its  gixnl,  tiike  an  interest  in  its  wel- 
fare, and  lend  n  helping  hand  when  re^jnirtHh 

We  Wbonlil  do  all  in  our  power  to  keep  u|)  the  intere??t  of  tlie  niwt- 
In^  Ijy  i*r>mmunimtiiig  information,  eoll(H*ting  materials  for  libniiy^ 
amfH-iiiii,  eti-%,  and  hriiiging  in  ih^sinible  members.  Tlie  ( Inb  i^honld 
not  htyilate  to  commit  it>^lf  in  snp[)ort  of  any  laudable  meitsure  t(>nd- 
\n^  tL>  i*h*vate  tht-  profL^w^iciTi — tv^^  f^^i'  instaiin.\  thv  mon*  genemi  intro- 
duction of  ini*('haiu(*al  and  fn'e-liaud  ilrawiiig  and  the  nutiinil  scientx'?^ 
mui  the  iniblh^  t^*hoob^  in  plaee  of  other  lej^  intfjn^ti ng  iind  pmetictd 
Ktlic]ir:»^. 

Amither  miiii^^iniu  wliieli  I  (Item  (dVgreat  impurtant'e  is  that  weslanild 
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make  an  effort  as  soon  a^^  })06sible  to  secure  and  retain  in  [)ermanent 
form  i*ecords  of  the  early  history  of  our  American  Engineering  works. 
The  best  printed  80un?es  for  such  information  are  foreign,  and  our 
pioneers  are  rapidly  passing  away.  Many  of  them  have  a  fund  of 
valuable  and  very  interesting  information  stored  up  in  their  brains, 
which  will  be  laid  away  with  them  unless  some  special  effort  be  made 
to  develop  it;  and  I  would  respectfully  suggest  and  urge  upon  you 
the  propriety  of  calling  a  convention  in  this  citj',  say  in  May  or  June, 
recjuesting  each  i)erson  invited  to  prejMire  a  memoir  of  early  experience, 
to  ha  read  at  said  meeting,  when  notes  could  be  compared,  corrections 
in  dates  made  if  necessary,  and  a  great  deal  of  valuable  information 
4>btsiined,  whi(»h  could  never  be  collected  in  any  other  way.  Such  au 
4KX«sion  should  ha  one  of  great  interest  to  the  members  of  the  profes- 
sion as  a  so<»ial  event,  and  would  not  be  without  a  gcKxl  effJsct  upon  tlie 
Club. 

An  im|>ortiUit  field  of  lalx)r  is  open  in  the  direction  of  a  cheek  upon 
the  w^holesale  destruction  of  timlxjr  and  the  preservation  of  its  life  by 
Hntiscptics. 

Engineers  should  be  urged,  in  framing  cnmtracts,  to  insist  on  tlie 
use  of  j)rt»served  timber  whenever  it  is  possible,  both  as  an  economical 
measure  and  a  means  of  preventing  the  sudden  climatic  (*hanges  to 
which  we  are  l)ecoming  so  subject. 

There  is  also  a  grand  pnxsjKK't  ojh'U  in  the  direc»tion  of  sanitary 
Engineering.  J  cjinnot  condemn  too  severely  the  present  system  of 
Si' wer  .construction.  The  lower  half  of  the  cylinder,  Ixiing  laid  of  dry 
bricks,  simply  serves  as  a  seive  to  allow  the  fluids  to  soak  through  into 
the  soil,  Uuiving  the  solids  to  decompose  in  the  sewers.  The  soil  soon 
be<*omes  surchargcMl  with  effete  matter,  and,  as  there  are  no  tra|)s  or 
puritiers  at  the  inlets,  this  fetid  matter  and  gjis  is  forced  biu*k  by  the 
risinjx  tides  into  our  stret^ts  an<l  dwellings,  cjuising  epidemics  almost  its 
deadly  as  yellow  lever. 

The  influence  of  temperature  in  destroying  bacrteria  and  s[K)res,  which 
[)ropjigate  infectious  discju^es,  is  a  subjei't  well  worthy  of  investigjUion. 
These  are  but  a  few  of  the  many  thoughts  which  might  [)rofitabIy 
en<rajVe  <Mir  attention  during  the  coming  year. 

In  retiring  from  the  place  of  honor  to  wlii<'h  you  have  so  generously 
csilled  me,  I  have  to  return  my  sincere  thanks  for  the  hearty  co-ojK»ni- 
tion  and  kindly  sympathy  you  have  ever  extended  towards  me  jus  your 
presiding  officer,  and  to  wish  for  you  such  measure  of  continued  pn>s- 
|>erity  and  usefulness  as  it  niay  please  an  All-Wise  Providence'  to  grant 
unto  vou. 
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CONICAL  ARCHES 
At  Soi'TH  Htreet  HiinKiE,  Pkii^adelphia,  Pa. 

By  1),  X(i  X.  Stai'FFKH,  C.  E, 

The  ^ytteri)  apjirmu-h  U\  8oiith  8t,  Bridge  in  x\w  city  is  made  up 
III  |wrt  of  a  ^miewhut  jKH^uUiir  jiiwe  of  arL'h-mnst>iin%  and  a^  it  iM>ft- 
tain*- (certain  iM*%el  fojitiire.'^^  tluit  mi^ht  Ir*  upplit'^l  \v\X\\  iith*Hntagt?  at 
iillur  |»int.H,  wt*  will  iittt^iiipt  tn  lirio*1y  dt^Tilie  it, 

Thi'  cfTitro  lilies  of  S tilth  St,  mid  tlie  hridgt*  pmj>er  intersect  ^eh 
rilhtf  111  an  aujrl«*  of  X\'^  25'  ikhtj^i fating  a  eiirve  iii  the  approach 
frjni  llit^  Fiif«r,  and  to  <f  jiifcinii  in  design  with  the  **  late  lamented  " 
IViMcru  iifipnt;iel)«  iImj^  eurve  wa.*^  [jiorwd  hy  rlirtn'  archt^, 

Tlii^tintinnn'  jrrjM'tin*  m  archie  «in  a  onrve  is  sinijily  to  widen  the 
|«tTHul>  liiwanlv  the  (inlKiile  r^'  the  riivh^  and  l(:^»ve  th(*  an^ten  them- 
*t'ivt'»<  "rijrht  jirrhi*^/'  But  it  \x\l^  thon|r)jt  here  thnt  the  work  ccRild 
^>^'nme4i  iinpmveit  in  np|«*aniiie<^  and  a  tH>ni?idc^nil>le  ^tivhtgin  masonn- 
aitl  }<mndjihikn»>  attaineil,  liy  Imvin^f  the  pit*i>  rtf  thi'  soiie  thieknesw 
thrtf^rfiHut,  and  tlirnwing  th^'  i^-ti'iit runty  m\u  th**  ar<"ht^,  an*l  to  tljls 
♦Df|  idi;  followiiig  phin  wn8  determiiiefl  n\^m,  after  (hie  delihemtion 
^h|  iiiimepiin!^  e^^iKTi mental  jOan^, 

iV  fdumhitionh  of  all  the  ma^orny  in  the  Eantern  ap|iroaeh  w^en* 
<f[*iM  liani  gnivi4  — timlrtT  platiurm^  Mipportin^  tin-  nia-^tiin^ — hut  a-^ 
thi*  ^Tei  H-tmtum  ttaiiniiiiiinitfHl  direetly  with  the  river^  and  wa/^ 
frmtj  VI  ft,  tri  15  ft.  Iwdnvv  In'gh  tide:   the  foundatiojiH  were  eKpenHivi% 

kmirj  ttiiy  n^hiffiiin  ii*j?^il*h'  in  lla4r  exN'nt  was  an  item  wi'll  wialhy  of 
•iWlIifnilliHK 
Tlie  n^Mlway  of  the  upprf^ieh  waj^  55  ft.  wid«*  from  rmt  to  ontj  and 
lh»  (Miin»  limr  of  fhe«nirvud  purtlon,  wliieh  eurve  wa?i  entirely  oeeupieti 
U  thv  thrw  arelieti,  wji^  l«)ejited  with  a  mdinj^  of  \\\%  i\,  6  in,  witli  an 
ii»«'lndwJ    angh*  at   t^'ntrc  of  *];^^  25',     Thu  iihutnuiit?'  of  tlie  an-hesi 
m*  nm>H^|nently  u[H»n  the  mngentj^  to  the  enrve. 
Em*!!   iiii*^  of  the  two  nreh   pier^  \a\^  55  fit,  lonjr,  5  ft.  H  in,  thiek^ 
inai^houi,  and  12  ft-  liigh  fn»m  fonndation  to  the  springing  line  of 
||^  an*h.     The  material  iihihI  in  thest*  piers  wa.*:  Pt>rt  l>epo.sit  gmnite,  * 

k-fiwv    ;i,^hlar,  euf   in  I'mn-s^'^  of   fivm   17  in,  to  27  in,  rise,  with 
tltnm^h  In-awlei's '*  lifterally  difitributed   throughont  the  length  of  tJa* 
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pier.  The  Skewback  and  coping,  forming  one  piece  was  of  Maine 
granite,  hammer-dressed,  and  nearly  every  otiier  section  extended 
across  the  pier,  making  a  double  skewback,  the  sections  averaging 
4  ft,  in  width. 

The  («ntre  line  of  each  pier  was  located  on  a  radial  line  of  the 


-*. 

•^^ 

•  /wv  ■ 
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curve,  the  sidt^  of  the  pier  being  panillel  to  this  i-adius,  and  2',  9" 
distant  from  it.  The  bounding  radii  of  the  curve  fell  in  like  manner 
2'  9"  inside  the  ublitnients,  making  the  [)lan  of  the  three  an^hes  (>ipml, 
and  in  dimensions  as  follows:  Each  arch  was  55  ft.  long,  the  chord 
si)an  at  the  inner  end  22  ft.  1  in.,  and  at  the  outer  end  32'  9g".  The 
rise  (»f  the  an^h  was  11  ft.  \  in,  throughout,  the  springing  lino  and 
crown  of  the  arch  lx?ing  both  horizontal. 


I 
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This  iirch  k  pesilly  !i  [wirtion  of  a  oone^  anci  mfty  iK*rha|*s  ki  l)t*tt*^r 
I  litscrilM]^  as  ffJI«ivv*i^:  The  liin^  of  the  fvo^r/i  of  tlu'  iireh  would  full  in 
'the^Hhyit   height*' of  the  ajiie,  ami   the  jjlane  (A'  thv  Hprhtf/iitf/  Hti4\ 
mnild  be  a  phyie  frnmllel  to  the  slant  height,  and  aUting  the  axi*^  of 
I  die  eone  at  tht?  |>ohit  whieh   rei>re?ientH  die  tacxi  of  the  ?iinaller  end  of 
I  the  an?h,  thuii  making  the  riMi  iitdiat  smaller  end  equal  to  one  half  it^ 
rhoni  f*|3an»     The  cnd^  of  the  arch  M^ere  cut  at  right  angles  Ui  Uie 
►  j^iant  height  of  the  eoiie, 
and  would  t*e  therjretieally 
etiip^eB,  but  hi  thk  aise 
the  an^le  nia^le  with  the 
ush  of   the  rone  was  ^o 
Dearly  9<P  that  they  were 
m?ated  as  eireular  art^hes. 
The  fact  that  the  spring- 
ing   Hue?!    were    iictnally 
the  flatter  p*>rtionB  uf  a 
|t  a  r  II 1 H 1 1 II  —  i  II  steml    of 
*rmi|^h  r  1  i nes— wtts  in  I  i  ke 
iii;inn**r,  nnd    for  a   like 
}i9i^m,  di.*regan:ltHh 

The  ^lualler  areh  wm 
iv^nl^l  as  a  full  een* 
tml  arch  of  22'  1"  ^^jmn 
ami  11' Oi"  rbe,  and  the 
»4h<?r  a**  a  **s*egmental " 
ardi  of  32'  fij"  sjian, 
and  M'  nj''  rise. 

Maine  g;niiiite  wa^  n>?ed  for  the  rings^tones  and  hard  IninuHl  brick 
ffir  the  arch  profier*  The  briek  ring  was  24  in.  thick,  and  laid  in 
♦"ifneiit  m**rtarj  fomuxl  of  one  jiortion  Ho<*ii(lalt'  liydninlie  tH}nient  and 
I  me  |iart  dean  .sharp  river  sand*  Tlie  I  jo  i  id  u*>et|  in  the  brit^kwork  can 
be  lictter  undcDitood  l)y  an  exanii nation  of  the  uiH-omiianyiiig  Fig* 
^  The  arl^TintageB  of  thiJ?  bond  were  iw  followjf^:  Fii>^t  and  lUiMt 
important^  liy  thi?^  armngtnnent,  the  thickening  of  the  niortiu*  j^mit  as 
thf*  extrailos  of  the  an*h  WiU^  appnjai'hL'd  wa^  eoohni.Hl  t**  the  knf/th  of 
tme  bfi€k^  and  thm  wouhl  he  the  east^  no  matter  Ihjw  thick  tlie  ring, 
Al.  TIr*  ardi  wa>*  dividt^I  in  It*^  length  into  ;i  s*'ri<*8  uf  true  voa-^arhp 
Uw   lioml   n^fxiitinjf  it^4("  in  t*at'h  H  csjui-mcs.    Aiul  -ki.  The  intnido^  of 
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tlu"  »irt*li  wai*  uiiJfbnii  in  appwimntfj  the  Ixjiid  lieiug  a  **  heuder  and 
-^trt'tcher  borKp*  oven^whert* ;  in  (*a.st?  r»t' any  settlenitat  iind  ernu^*- 
^|iit»nt  t^nicking  of  the  art^h,  brit'k.s  arniMged  ils  these  were  euiild  %\\A 
fall  nut  of  the  an'h  a^  readily  ai*  in  a  Ixaid  fonneil  uIl  a  serm  of 
JiftiderH  and  a  neni't^  of  stretehenj  alternatingj  a  o<miiiion  form  of  iir(*li 
miKStmrv. 

Thf*  an^h  wntr^  were  built  of  8"  X  8"  white  pine  timber  aiid  2  \th 
|ilaiik,  bolttnl  together  Avith  1  in.  Ixjlt^j  the>'  were  spaced  5  ft* apart  fruiii 
<^*ntn.^  of  riK^,  ;uid  <H>vere<l  with  -a  2  ii>.  ptantsl  lagging.  The  elumi 
^psui  <^f  esieh  rilkj  in  tlie  leiigtli  of  any  one  an»h,  wa*^  oi'  et.mrse  difter^ 
<^t  frura  the  re^t,  and  to  insure  aocuratn*  in  this  point,  each  rib 
Htrnck  t>ut  \\\Mm  w  platfc^rni  sepamtely  and  frame<l  on  this  platf<»rm 
The  ordinary  ** double  winlge  and  key''  was  \m&A.  in  striking  them. 

One  end  of  the  amical^areh  lieing  trefited  as  a  *Mull  t*entn^"  an'h» 
^nd  the  father  a«  a  " ii?egmental "  areh,  the  *«kewbaek  joining  tliern 
wituld  l>e  in  the^iry  a  winding  suHiM-e.  But  i^^  etH:»nomy  of  osk^h  wa.-^ 
the  governing  [tHndple  in  this*  work,  advantagie  wa^  taken  of  the  \^k 
<if  hriek  in  the  areli,  and  the  ^kewliaek  wae  made  to  approximate  t*^ 
theory  l)v  dropping  the  top  of  cku^h  seetion.  Bay  every  four  feet,  oa** 
half  ini^h  Ijelow  its  neighlK>r,  and  entting  the  faei^  of  the  skewl>aek  tf> 
!^uit,  eut  without  a  **  twist."  In  thm  way  a  series*  of  $^light  8teps  was 
fnn rani,  jwis.'^ing  \mu\  a  radius  of  2  ft.,  and  a  mne  of  10  iiK  at  the 
S4^grnt*ntal  end^  to  zero  nr  a  horizontal  plane^  three  feet  l>aek  of  ti 
full  eentre  areh. 

\^  the  ringstones  luwl  nil  to  be  laid  on  lines  radiating  from  the  apex 
of  the  generating  eone,  the  angle  fc.>rme<l  hy  the/fk^  of  ea^^h  ring^toae 
aiiid  the  ififradm  of  the  arnh  wa^  one  uniformly  but  t^nj?tantly  vary- 
ing from  the  key  to  the  springing  line.  The  keystone  wajs  the  od1|H 
Mne  in  whleh  this  angle  wa'i  juat  90^,  In  the  s^^gmental  areh  the^ 
angle  uicmmd  from  S>0°  at  the  ert*wn  to  95*^'  20'  at  the  spring,  and 
at  the  ittll  tentn?  end  the  angle  detrm^^i  from  W^  at  the  crown  to 
84^  40'  at  t\\v  springing  line.  Eaeh  ringstone  taken  in  the  diix*etlon 
i  if  iti^  length  win-  wt^lge-shapwl,  with  it«  i\\i-&  wider  or  uarnnver  than  it^ 
liock  i^  it  wats  lomted  in  the  segmental  or  full  center  end  of  the  areh. 

As  the  enrved  jxirtion  of  the  apj>roaeh  wa^*  finished  i>n  top  with  a 
finely  eut  gmt lite  coping  set  on  a  regular  curve,  the  ringstones  had  to  Ui 
Jaid  on  the  iH^ntre^  to  tit  this  vertical  eurve,  with  its  radii  of  197  fit* 
and  142  ft.  re8pe<'tivcly.  The  versed  sine,  or  the  horizontal  distmo* 
between  the  extreme  |Kjint  in  the  horizontal   cur%*e  of  the  areh  hw\^  at 
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the  erou'tt,  mid  a  thonl   line  ilniwn  at  rlie  opting  of  the  anlit  wui^^  ui 
the  H^nieotal  eiul  9  hi.,  and  at  the  otJier  end  5  in*  netirlr. 

^11  the  gmnite  work  ui  x\\t*m  anhe-<»  except  tluit  ii^d  in  tlie  pietN, 
vitX  nt  the  qimrrit!i*  In  Miiine,  and  to  avoid  tlie  iifoc-ssity  of  making 
mid  shippinjr  a  zitu:  [mtttTii  to  conform  to  i*ac*}j  faw?  angle  in  tlie  two 
«?te  tif  riDgstoiietit  reqiiitrd,  the  following  plan  of  giving  these  imgle?' 
deviKxl,     It  \Ki\^  i^impk*  and  worked  well  in  pnu-tiee. 

.\n  orclinan*  !^tone-cntter> 
?4iiiare  i>f  iron  wa^*  provided 
with  a  slidinjj  ^nidnattxl  Ijar, 
and  a  set-screw  as  s^liown  at 
Fig.  3,  A  ^pinite  tmr  Nvitb 
m  proiM.T  graduations^  f?tam[M;*d 
and  iuinib£»retl  npt>n  it  wa* 
provided  for  the  two  end.s  of 
die  arch,  there  Unng  43  ring- 
f^ne^  in  the  st^mental  an:4i  and 
mdy  35  in  the  fid  I  eentrt^l 
afCsh.  When  nsed^  the  bar  wa?* 
phoed  at  the  kip  of  tlie  ^fpuire 
wbesi  the  fntH.'  angle  tl<^.*reii,^*d 
from  a  right  angle,  an<l  at  the  bottom  wlieii  this^  Eiiigle  wa.**  more  tliaii 
^\'^.  Art  vttcU  wtt^ne  was  out  it  hiwl  a  niimlK^r  and  a  letter  i^iiinted  u[ion^ 
denoting  it**^  |K»8it!on  in  the  areh^  sf>  that  they  wei'e  reiultly  put  in  plao*. 
We  Hhouh)  add  tliat  ab  the  angk^  varies!  nnifonuly,  a  length  on  th<^ 
l«ir  t*<pial  to  the  tangent  of  the  luigle  of  greatest  variation,  from  a  }ier- 
[)eji<iiruhir  to  the  l>e<l  of  the  stone,  with  a  nidi  as  of  two  feet,  Wiis  thvide*! 
in  It  I  a<  nuiny  jmrts  as  there  were  rings  t  on  e?5 1x4  ween  the*springlng  \uiv  and 
the  key.  The  ringf^ton^  were  rock  face  with  li^'  draft,  and  the  oifsei 
U*tw<'eu  any  two  niljrjjidng  ringj^tones  wa^«o  ?^light  that  no  attempt  was. 
ttuule  to  ermfonn  to  ihe  wiinh  ng  faee  *surfaee  that  tlieory  reqnii*ed* 
The  **}Kiinting**  wa«  ho  man^e^l  ai^  to  hide  the  j^ilight  variation  that 
lUd  exitit.  The  bed  of  the  ringsstone  wat^  fit>^t  eat  to  a  Kine  ]Jiitteni^ 
then  the  buihi^  and  Hnally  tlie  faee  angle  obtained  with  the  square  arf- 
$ii»rivt*  dtsseril>etL 

The  IiaiHiehing  of  the  an-hf:^  was  Imilt  tii'  well-lRHkled  lime  intone 
fn>ni  tiie  Conshohtx-ken  fjnarries,  laid  dry^  and  thonmghly  groutotl^. 
with  one  part  Ro^iulule  eenient  to  two  parts  of  j?liarp  mml^  at  every 
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2i  ft  ill   licighL     Till*  fuuiidationtf  were  of  the  jsame  irtone,  laid  in 
<-enieiit  niortjir. 

Fruiii  the  foregtiiiig  deticriptiyn  it  will  lie  seen  that  strict  the<>r)'  wa^ 
in  all  c?a**e^  sat*rifietd,  wheoever  it  c^ukl  be  done  without  iiijur)^  to  the 
stability  cif  the  work,  aail  itim'h  iiumey  was  saved  thereby.  The*  final 
n^\\\i  AViL*^  ;i  jHCK-e  of  arehal  w<*rk  that  has  stood  perfei>tly  in  all  it^ 
Y^TbSj  and  while  pojs?^^iiig  niaiiy  lui vantages  in  appeanmee,  really  tijHi 
le**  than  t\w  more  climiKV  form,  often  adopted  in  similar  carets 


THE  HOLLY  SYSTEM  OF  STEAM  HEATING. 

EKtrat'trt  fmm  a  piiptT  by  |jKwis  M*  HAiTPT,PmfL'JWjr  of  Civil  Enjcint'triiw, 

Uiiivernity  of  PoiuiKylvunia, 

Ho  who  renders  th«  heoessities  Df  life  more  avaihible,  either  by 
mliK-ing  thmr  pri<^  or  im'reamn^  their  qmility^  is  a  piiblic  benefactor 

The  neii>s.Hitie.s  of  life  are  air,  hc^it,  Hght^  food,  miment  and  sheit^r. 

Of  thest*  ^Ix  eleitientj^^  it  i^  my  purijose  to  say  a  few  words  on  tht 
two  C*8!^'ntiaU,  air  and  heat,  the  inviwible  fluid  eom|K)tiente  of  eveiy 
living  organ i/ati OIL 

Pnre  air  is,  Ijeyond  all  ilonbt,  the  greatest  blessing  any  people  can 
t'ujoy,  m  it  is  the  Iku^Is  of  he^ilth,  strength  and  happtne^;  it  is  the  fuel 
that  fecd?4  the  animal  n>mbnstion  and  keeps  the  machine  in  g^xMl  run- 
ning onlor,  and  w  ithont  whi**Ji  the  system  lietMnncs  etoggt^I  and  dtiid. 
Yet  with  our  present  modes  of  heating,  it  Is  almost  a  practical  im^K^gi' 
bility  to  f>l>tain  it  in  our  dwellings  in  a  condition  even  appntxi mating 
to  purity.  In  many  instances  it  is  dniwn  through  foulj  damp  oellar&j, 
i-onUiminated  by  the  exhalations  of  decaying  vegetable  refuse,  and, 
Kiadetl  with  dustj  aj^hes  and  noxions  gases  h  sent  int<>  the  r^ionis  of  our 
homes  and  offices,  chiirchen  and  halls,  to  be  inhaletl  by  all  eliDves  of 
society  its  the  vital  element  u|>on  which  they  must  de|>4?nti  for  exiBt«n<^-, 

It  IS  an  extravagant  ignorance  that  eloses  Its  cyc^  to  the  dea<lly  Dattir^ 
of  the  fuel  which  so  rapidly  smothers  the  flame  of  human  exij^teno**, 
<lulls  the  iutelliHl  and  indnct^ss  so  many  of  the  ills  to  which  flesh  irt  heir* 

The  iKiison  m  none  the  les&  sure  or  injurious  beeanse  unseen ;  and  my 
long  a^  it  is  present,  we  have  no  alternative  but  to  drink  it.    Our  att^n- 
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tjnn  !iiiis*t  lie  turiit*tl  then  to  the  U^t  known  niethodfi  of  piirifSin^  it,  or 
I  in  other  worik,  m  tlie  impnvvcnietit  of  thr  incthmls  of  vt^ntilrtting  utul 
I  heating  our  ulac'es  of  uImmIc, 

Chemii^fei,  an*hitwte*  and  ciij^itu.'crs  havt  siiike  given  the  subject  nmeh 

Pfrawfiil  confiidi'nitidn.  and  nKKk-rii  ckvifx-s?  have  \u^n  n-Horted  to,  eve^n 

*^t  grtTit  cx|>oiitit',  to  nit'ot  th<^  nMjuin^niLHit^  <rf  the  jjrobk^nh     OfK^i  firt^ 

Imve  given  plae^  to  stoves,  these  npiln  to  heiitcrs,  an<I  thf»se,  in  part,  to 

strnm  i^nU,  and  yet  the  H:>hition  is  Cinwiti*ifuetorv.   A  fin«  in  each  njora 

15  tnmblesume  jiml  tlangerriii> ;  thi-  hot  ixiv  inethi«l  i??  injtiriouj^  and 

[expen^i^^e,  atid  the  ]iresent  syt*tem  of  siteiim  hmtiiig  dry  and  noisy. 

Th  remove  tlieise  olyeetionn  mi  far  as  jioswible,  one  of  onr  mmt  dis- 

1 1 i  ngii  i  N  bed  a  m  I  sueeehwf 1 1 1  i  n  v  en  t  o  fs ,  M  i\  B  i  rtlsc*  11  H  til  1  y ,  h  ai*  <le  v  otetl 

the  ymi-^t  few  yeai>^  ton  jiatient  aiuilyHis  of  the  probkni  ^if  heaitiiig  by 

l^team,  niid  by  an  applic^ttion  of  his  fertile  injjenuity^^haiii  (^>nt^i\^ed  aJid 

ititrtwlih-e*]  a  FVPtern  wlneh  in  fiUind  to  l>e  not  only  exe*!etHngly  pnietl- 

cal  tmt  jj^eneral  in  it?-  applieation  to  eitiefs  or  towns  of  any  (4iiss,  and  iiir 

|m(»iv  economical  and  much  Hafer  than  any  of  the  metho<is  now  in  um, 

T'  ni\  plan  of  tlie  plant  is  similar  in  [principle  to  that  nsetl  for 

^tfce  K  -         iiicin  of  other  flnids,  a.*^  g^is  and  water ;  tliut  is,  there  are  liirge 

^^  where  the  r^tc^im  w  made  under  a  i^rettnire  of  about  60 

IMHfntiK     From  thence  it  is  eonveyeil  t*j  tlje  biiildini^  to  Ije  warmeil 

^  !ijr  itutiiifi,  buried  about  tivree  feet^  an<l  eoiineetetl  with  tbe  service  pi|xvi 

leadiiig  into  tlie  hoti^t^,  wher<?  meters  are  fdaeed  to  register  the  amount 

^4if  fftcirai  twied.     It  eim  be  turncNl  on  or  off  at  pleamire  and  only  iis^hI 

wliefip  Hiid  when  r<?*piire«K 

Til  rcaider  ihe  air  nioist,  and  to  dispense  with  the  disagreeable  noiise, 

fictit^limaet  Qamo«I  by  ckj«ie*l  pijies,  Mr.  Holly  hm  intro<hieed  a  new 

i$T^  w*hidt  i^  o|)en  at  tlie  bottom,  so  that  the  steam  floatij  in  thi' 

|h<if  the  box  and  is  kept  in  equilibrium  with  the  atnuiBpherie  pre?^- 

mste  bf  a  i,^lve  at  the  meter,  **o  mljnsted  a**  to  reduce  the  pret^urt^  in 

th*  hoitiw,  if  neetl  l>e,  to  (»nly  a  few  pounds  per  st|uai"e  ineh. 

It  evidently  n^ults  from  this  arnvn^?nient  that  tlie  air  imeil  for  ven- 
tilstton  mtiy  be  obtained  from  tho  pun^st  avaikble  si^urces,  and  In* 
boKl'^d  in  the  fiompartment  when^  it  is  iLscnl,  instead  of  l>eing  dmwn  up 
thron^h  tiie  <*ellar.  So  vapor  (\s4?ji[>es  in  the  room,  nor  is  there  aiiv 
diifk*nlty  in  kt*eping  the  teniiierature  at  any  (ki^iretl  degrw*  It  is  fn.^> 
[  frrjiii  dti9t  ami  avoiib  all  ritfk  of  fires. 

MiU>  the  ei^m*jmy  of  living  in  m)  delightful  an  atmotuphen* 
ln^oootmend  it  to  every  eitiztin  having  the  slightest  reganl  for 
U0  heiltb  or  hif4  wciilth. 


102  Haupt — The  Holly  Syafem.  [Proc.  Eng.  (Mk 

I  urn  well  aware  that  conservatism  is  often  a  bar  to  progress,  ami  that 
inventors  have  too  frequently  s[)ent  their  lives  and  fortunes  in  vain 
efforts  toconvinee  their  fellow  men  of  thepraetic^abilityof  their  sehemes, 
but  fortunately  the  experience  of  the  past  has  pavecl  the  way  for  the 
rapid  intrcMluetion  of  a  system  of  distribution  so  closely  allied  to  that 
of  giis  and  water,  and  not  open  to  such  serioas  objections,  as  obtained 
in  those  (uses.  More  than  this,  the  plan  has  had  a  thorough  practical 
test,  and  is  approved  and  endorseil  by  a  large  number  of  people  in  the 
city  of  its  birth,  and  its  smx-ess  is  assured  by  its  rapid  adoption  by  a 
number  of  other  cities  throughout  tluj  north,  where  the  severe  winter 
have  tested  its  capacities  to  the  fullest  extent. 

The  announcement  of  the  "Holly  Stkam  Combination  Co.  for 
supplying  heat  to  private  dwellings  and  public  buildings  of  even- 
description,  from  a  central  [M)int,  through  street  mains  and  laterals^ 
and  measure  the  steam  iLsed  to  each  consumer,"  says : 

"To  quite  an  extent  steam  is  already  used  in  heating  buildings.  But 
the  boiler  and  fixtures  for  single  dwellings  aiv  very  exjK»nsive,  as  is 
also  the  maintenance^'. 

"In  January,  1877,  the  Holly  St<,*am  Combination  Company,  of 
Ijockport,  X.  Y.,  was  formetl  under  the  stiitute,  with  necessary  c-apittil, 
to  test  the  plans  of  Mr.  Holly  on  a  large  scale.  Thrive  miles  of  under- 
ground j)ipo  were  laid,  but  little  of  it  larger  than  four  inches  diameter* 
and  after  a  scries  of  exact  tests  and  detailed  practical  experiments,  an«l 
after  the  experic^ncc  of  a  variable  and  peculiarly  trying  winter,  the  sys- 
tem is  pronouncxHJ  by  all  to  be  a  practical  and  pcrfecrt  suiress. 

"The  Company  has  through  the  winter  been  heating  ab<mt  forty 
large  dwellings,  scattered  along  the  line,  also  a  large  school  building, 
105,000  cul)i(!  feet,  and  the  largest  hall  in  the  city,  U'sides  furnishing 
stejim  to  run  two  engines,  (Mic  of  them  nearly  half  a  mile  disUint  from 
the  lx)iler  house,  and  are  supplying  steam  for  a  numl)er  <»f  other 
pur|)oses. 

"  HoiLse,^  a  mile  away  are  heated  as  readily  as  those  near  at  hand. 
Thrt»e  boilers  are  in  position,  two  of  them  horizontal,  5  by  1()  feet,  and 
one  upright.  In  the  coldest  weather  two  were  fircnl  slowly,  but  muc^h 
of  the  time  the  steiim  has  been  furnished  by  a  single  boiler.  The  fin» 
is,  of  (»ourse,  kept  up  constantly.  ^'  *  *  Careful  ex|KTiments  demon- 
strate the  fact  that,  with  sufficient  boiler  <'a[)acitv  and  pijxjs  of  pn)[)er 
size,  an  area  of  more  than  four  miles  square  in  any  city  or  vilhig<»rtin 
\k'  warmed  from  one  set  of  lx)ilers.  *  *  * 
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H     *^Thc  pipe  Is*   ct>vere*l  with  non-conilueting   materials,  and    thmi 

^^ir^rtftl  III  \n^  of  woc«l  IxTPcd  for  the  puqui^/'  *  * 

Tin*  ist<*4im  tliu^  w:i'm*TBlly  tlLHtrilnitotl  may  \x.'  applitxl  !^iU!oea*^fully  !m 

n  l^irgc  nil  ml wr  of  ojx^mtiom,  as  the  extinetion  df  firt^,  ctK^king  of  fbm), 

htsMtiu^  %viitrT,  nimting  lit^ht  niarhniery,  Ituuulrv  iKirposc*:*,  etf\ 

ITh<*  ruayor  uf  I^K-kport.  Mi\  H,  D,  MtfNt  il,  iiudor  date  *>f  Man^li 
23tl,  1878,  m}'^  that  the  Holly  Company  havf,  for  monthi*  pa.^t,  beoa 
tiwidii^nmriy  private  tlwtllinpi  with  [KTfeet  sntisfaetioti ;  alsii  oiie  r>f  thf* 
burg'^t  .**i'b^^H>l  Imildiiig?*,  whioli  tla.'  nietnln!!'^  of  tlu'  Binirtl  of  Eilueatioii 
*tati*  IS  IniUtT  heutiHl  than  any  otlior  of  the  publie  buiMirigr^,  Takt*a  fu^ 
wIio1l%  he  <M>tiHi*k»rs  the  invetition  one  of  the  nimt  vahuihle  of  the 
Inge,  Hr. 
MaJiy  more  e<>mmnnicmtdonj%  of  a  simihir  imtiire  luive  beeir  recervt'^l 
l^  tlie  Company  liearing  ter^timouy  to  the  value  of  t\m  improvement, 
which  uckLf  .so  p^raitly  to  the  comfort  aiul  CH'oiiomy  of  living. 


MLNUTES  OF^MEETINGS. 
Of  the  Club. 

A  AS.  11  til,  1879.— The  First  Animal  Mminj^  of  the  Chib  was  held 

I  J^   P.  M.,   15   inemlM^js  pn'?ii.nit,  Trejst,  iraiijit   in  thiM-hair.     Thi^ 

ftfftiiil  Report  of  t\w  Sfx  refary  ami  TreiL^^urer  wa.*^  ri-tid  ami  appiH^ve^L 

vci'Vf*  Iike\^is*^  sulimitti^l  from  i\w  CommitttM.^  u|>v*n  tlir  Mctri*- 

.    .  ,  on  PnbJimiion,  and  oh  Memorializing  the  Ix'^rislattire  in  favor 

if  a  tmMletie  Survey  iif  the  Strife  of  Pemwlvania,     The  President  of 

ieCluli,  ProC  I-,  M,  Manpt,  delivenxl  the  Annnal  Ad*ln%s!4, 

Tlif  vnti*  ff^r  riftinTs  for  thi'  year  lH7fl  was  tlien   cahva'^sc^lj  ami  tb*' 

ill-.  i-clantl  rl(*<'tcd:     Tho.^.  C.  (lark,  Prt-^itknit;  1.  B.  Knight. 

^i*-^  irnt;  Win,  G,  Xeilsuii,  Kmlr^iili  Hering,  I).  MeN,  Staufler, 

Vik*tnAii    Sillers,   Jr,,     Pertnval     Kt.>l>ert8,  Jr,,    I.>ire<1ois;    Jlerrnaii 

HoojM^,  R*^*tN^rding  Set^R'tary;    <%us,  E,  Billin,  Cont^ponding  Seen*- 

n*  mid  Tresyiurer. 


Jan,  IHth,  1879. — ^A  ^jiec^iul  meeting  wan  held  at  7JM^  P  M.,  VUv 
pifient  Knight  in  thr*  chair,  21  menilH'is   pnscnt*     Twenty  gt-ntle- 
%ieiv»  eleett-*!  active  memL>erH  of  the  Clnb,  tlieir  elirti^tn   having 
delemxl  until  the  ad<»ption  of  the  new  Coni^litution  and  By-I^Wi^. 
At  8.*iO  P,  M,  the  reguiur  meeting  was  eallel  to  onler.     A  paj^KT 
itpcict  *'Coiiiait  Arches'^  was  reiid  by  ^fr»  Stantteriand  briefly  di^ieassiHl 
^by  Mesfr^ix  Knight  and  Hcririg.     Mr.  Ash  burner  exhibited  tn  the  Club 
ivin^  of  the  Clevelan*!  Viaduetj  and  a  detailetl  ^tiitement  of  it^ 
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c-ubt*     All  iiiipro%*ftl  dfcik  mloulator  for  obtaining  by  in:4tK?ction  tk 
qnantitiis  in  csirtb -works,  vtv.j  and  tn  nR^if^t  in  tbo  mk'nhitfoni?  in  ^ur^j 
vrviritr  ^'^ncnJK ,  witK  rxhibihtl  and  t^xplairuHl    by  the   invi.*ntfir,  Ml 
l\i»s-^.      Mr.  II'M^itin;  prr.H^ntx'cl  fiir  tlie   ins|KXtinii  of  tlu*('hib  rin  miWN-1 
tujitir  ^^t^lJH:u'tif^n  ajiplit^l  to  the  Mnrqucifs  si^al**,  fordivkliiig  «iul  t'nujftj 
fs*ftit»n-iiniri^. 


Feb.  1st,  18711, — Regular  mi'f^^'ting  hdil  at  8  P  M.,  Mr.  Ingham  in 

thi'  e!i!iii\  2**  mrrrdK^jN  prt'^cut.  Mr*  AKhbnrner  rmd  a  inannmTipt 
n'jjort  of  Mr.  l^'Iuvillit-rv,  Kng,Jii  I'ljurgt:;  of  survoys  mi  the  Mmldrfi 
mui  Mttmon-  Haffroml^  in  Brnzil^a  ro[K»rt  made  to  tlif  McH^rw*  (VvlliTi\ 
till*  AnnTidiTi  ermtrnftori^,  Tlie  iH-jiurt  wjtM  actTiiiijianiwl  by  nuipF  nii<l 
pr<>fih'fj.  Mr.  Yonrjjr  rend  a  im\}vr  iipnn  "  I?**-  New  River  Chftf  /*VrW^r 
i>n  the  line  nf  t\it:  (.'h<\s;i(H^ik(j'  ntifl  Ohio  Kailrmd,  whieh  pajwT  \\Tb 
diK*its^(?d  by  Mi-K^m.  Hank^ti  and  Mark^.  I'rof  Marks  exlifl)iUfl  ami 
t^xjdaini'tl  n  snl>st»tiite  for  a  bfjmi  e<jjiinaK'<  of  his  o\m  <h^ign,  ^n^iiiga 
uegativi!  Ibnn  of  *'^  Peaiieellipr*i^  eell,  '  adaptiMl  to  dt^Tibing  art^s  willi 
nidii  of  fmni  thitrt*  iiichet-;  to  intiiiin\ 

Feb*  15th,  IBHK     A  re^nhir  meeting  wa**  held  at  8.30  F.  M,,  Viw 

Pri'sidt^at  Knight  in  tlie  t*ljair,  *24  rnenilK?rs  prt^si^nt.  Mr.  Burnham 
resid  a  liajHTj  entitlttl  "Sciine  Featnrt*  of  Ancient  En ji;iiit*t.*riag/* 
<Iis'iis*^c*iI  by  Messrs*  Hardi'n,  Marks  and  Stanifer,  Mr,  Darrat^h 
cxhibitetl  and  explairmi  a  set  t»f  diagmni.Sj  gmjihit^dly  showing  ihi' 
wfirking  of  the  Philadelphiii  Watrr  De}Kirtnient  for  the  jKti*t  twenty 
yviu>.  Vviii\  Maript  read  extnietd  from  a  {jafwr  upon  the  *M  lolly 
H  teitro  1  i*  'a  ting  A  p  pa  rat  its. " 

On  motion  the  following  r€»<ohitiojij^  were  udo]kt4Hl  and  ortlered  to  lie 
forwjmktl  to  VVitshiiigton ; 

Wjieheak,  a  bill  m  now  pontjinj^  in  (.'on^rews  '*  For  the  Imi^rovejiieiit 
of  the  MiHKifiipia  Hiver/^  wJiick  hillnNvvidc^  foraeK>nimiw*ien  undi^r  whotti* 
t'burjie  this  wurk  sFinll  hv  firosrt'iittA,  whk'h  will  uoTitum  no  proft^HHionttl 
eiigin^ftTh  t'Xt'fpt  iiit^iiilKTH  of  the  O^rps  of  Kuj^iiu'ers  of  the  IL  H,  Amiy. 

And,  Wii  KHK.vSj  It  i«  the  0(111.4  of  thw  la  1 1  to  ex  elude  fmni  the  direction  of 
un  iinjMirtiint  pulilie  work  all  en^ineenn  not  enrolled  in  the  Engiru'^TCorpH 
of  the  IT.  ^.  Army,  \h?  it 

I^*}*otv*(i^  Tfiat  the  **  Enghieorw*  Cluh  of  Pldladelphm"  enter  li  vig- 
orouH  [jrotf^t  againi^t  the  HiMx-ltiinitlon  above  nientionefl,  and  rt'Hj>i'<.4fynj 
request  that  the  hilt  nmy  i»e  hO  amended  iin  to  inelade  in  the  Com  million 
a  repfi'^entalion  from  the  nivY  hnmeb  of  the  en^incHTing  proffHtiioii,  eon- 
taininfi^f  us  it  tUies^  inimy  men  ^if  t'Tniiieni.*e  an<i  lon^  tried  tngineeHtij; 
experittm^e,  to  whom  In  m>iKnall  part  iw  tine  the  im^ejition  und  huc^* 
t*xi>cntioa  of  many  of  our  mcst  ImiKjrtant  pnVilJc  works** 

March  1st,  1871** — A  bu^inet^  meeting  of  the  Clnb  wu»  called,  j 
HMO  I*.  M,,  Mr.  Hcring  in  tfu'  t*hair,  2G  mt^mlxTj^  pn^sent,     Ri^pafte' 
from  Mr*  RolK-rts  of  <  'ommittet*  on  Fiiiantiv  Mr*  StaiilFer  of  Committee 
on  Memlnrship,  and  Mr.  StaniflT  of  the  Publication  C^oinmitte,  wert 
receivtxl  and  adopted. 
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The  vuU*  *iu  luliriTKHmu   In   iiniiilx*i>'liip  wa*^  miivuH^t^l,  and  tlie  fol- 
lowing <lwlart?d  i'ltHtt*l  mtive  iiit^mUi^;     H,  C.  FmrnuKj  Arthur  W. 

|l?*irafcr,  Fmival    Kolurt^.  Ale x,  P.  Uc^t,  Geiu  Wni,  F.  Rcvnolds 

|i1ia<.  K  M*K»ro,  ().  Jlc(  kHiin,  Xf.  F.  Bonxiino. 

Thf  n-sigriiuinn  uf  Mr.  J.  S.  Him*n>ft  WiH  rciul  antl  ni^x*pt€tl, 
Pnif*  llun[i(    rrji^l    H'lrrtiniL'-    iVoni  ii  n.'pnrt    li[kiii   *^tlHMi>M.' iif  ^'^uti- 


MAmn    15tli,   IHTtL— Mi\  Muw;inl    Murjiliy  a<'tiii^  a*  PrH^idfiit; 

Mr.  Uuzl»y  ivml  a  [miirr  ufi  thr  **Tmvis  I^nilnnid  Tfe/* 
Mr,  (\ilioii  L'xtiiUiuil  u  plan  of  the  e*mjtL^ini>liikHl  water  w(M'k??  fur 
[the  Middle  Pcjiitentiary  at  HuNcitiphm,  Pii, 

Mr,  A.  H,  Knhcrts  dcscriljiHl  ii  itHKkl  of  the  Aiiisworth  liitilway 

Mr.  C  ^MjpiT  cK'^rib.'d  x*\  the  Clul*  i\w  Simd-i)laHt  Phkhss*  ^^f  Sharp* 
rniiig  Fih>,  itivciittxl  hy  Mili-*^  A.  Hi*  liiirdsiMi,  aiw!  exhiljiccil  sfKHiTriins 

Mr,  Pi*r*»iv;Tl   HitlMTt^,  Jr,^  iiuidi*  suiii*^  reuuirks   iijiun   the  dmth  uf 
i Mr.  Jp  B.  Knight,  and  ciifrrfHl   the  fnllrivvinjr  re^ohitiun?*,  whieli  WOR* 
o|itt?ii : 

H*.«o(v€^,  Tluit  the*  Kfi^ltiL-t^rH*  riuU  of  Philiwldphut  I'xpn^w  thdr  y^tM 

\mX  the  liiM<  of   their  fella w-ti ion iber,  rht'  Vu^e  Pri-^idi^nt  tif  tlio  <'Uibj  Mi\ 

\S,  H,  KvitJitT,  who  dk'il  utter  u  nhort  illruww  on  :Mon*lav,  Miin^i  lOtli,  m|,'ihJ 

^'  ^M'HTH.     Tlu'  f*t»rvi**i-f*  of  Mr.  Kn'UiUT  wore  of  ^' rent  v:iliu'  to  tbt- 

if  Ion,  and  uid^d   Ittr^ely   in   brinKitiK  it  t<»   itn  tm^Hent   jH«8itk>n, 

1^  j  low  ever,  bin  \ifu.y^\^  h  *it'vere  one  lo  thti  ChiU  x\h  a  bmlv,  tt  b  by  tJie 

hudiviilu^i!  meiniitTM  thiit  \iw  i*e%*erUv  of  ttie  blow  i^  t^jieciidly  felt,     Mr, 

kKNMiJiT  )«if^<'f***e<l  the  e<^nrt<k'nfe  imd  foinniunrli'cl  tlie  r<^jM"<'t*if  the  nietie 

rU*f>  in  ik  biKh  dejicr^e,  uihI  wiij*  to  iiiuny  i*  [kt^ohuI  frk-mi, 

Rtjfolvtd^  Tlmt  tbi*<  riub  f^yrnpatiii/.e  ck'eply  with  bn  bereavi'ti  rebitioii}*, 
1  tiifil  £lies»e  rt^fctolntioiiH  Im*  Hpretul  npon  the  inmiit^*t^> 

^Thf*  fiiilowin]^  (tintrihntitui^  t*^  tlie  Library  art*  n^fKHtol: 

IFniffi  Ktithilph  H«:rinjr,  inoinl>er; 
j     U.  K  tW<t  Siirvry  Re[K»rt«,  1851  to  IHfiH.      IH  vok. 
KjKiilnmrioaH  mid  SurvtyiS  for  a  Haih-oacl  Route  from  the   Mii?8Ls- 
wppi  ktver  to  the  l^aeitie  Ck-eiin.     S\  viA^, 

Oi«ni'ii!i*  <}poh»^ieal  Survey   of  Wiwonnin,    Iowa   and     Minnestita, 

"nitri  W ,  A .  1  ngh; t n  i »  r rie n  d  le r  : 
>^©eom  1  i  JeiJ I ( »g i eit  1  St i  v ve v  of  1  'e n  ni*y  1  vi m ia ,     i\  vol?** 

Friirti  tl!ixt*in>  Rtiin^^ien  *1*  flatfeltin^er,  PubliJ^hcnii : 

Tile  Syjit4>ni  of  Calenluti  ug    Diameter,    (_*in-unifei\;nw,    Areii   and 
jiiarhig  rh€  CiR^h**      By  Janie??  Morton.     1  voL 
SlUle  Valve  Gear*     By  Hu^o  Bilgrarn,  C  F,     1  voL 


t^f  Cbmmiftrm. 
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Fn™  T,  Elwrnnl  Zelt,  Duvb  &  Cc^  Piii^ll^heT^ 
7je\Vsi  InijM?rml  Lil»nin^  AtW  of  the  World, 

From  Anierk^siti  Philos^jjjhiail  Sinnety  i 
Pr*xt«diiigs  and  Lii^t  of  Meailjers.     -"i  vols. 

From  the  author,  Williain  Koiit,  >L  K* : 
Streiigtli  of  Jtaterialf*. 

From  Institution  of  C'lvit  Engineers,  Ijoiidon : 
Miiuites  of  ProitxKliiigs,     2  vok. 

Frtjiu  Minister  of  Public*  Work<,  < IfctHVva,  Canjida: 
Annual  R^jif^rt,  for  fiscal  yti^r  1877-TH.     1  voU 


Nc».  1. 


Of  thk  BrK\Rn  nv  Directiox* 

-Iak.  IHtli,  1879. — A  ?^tatal  niomiiiji'  wa^^  li4^UI  at  12  inKm.  E^^tiiimt^^ 
for  the  piihliaition  of  the  imn't't'din^  wore  cxaiiiiiii^l,  anil  sin  aii|>n>- 
priatioii  made  for  that  purpose.  Pro|ios4ilH  for  lulmtsstoti  to  the  SfKMitv 
wore  t^ni-'^idenih 

Jan.  15th,  IH7!>.— A  statwl  mwtin^r  wjt.s  heltl  at  IMO  \\  M.  Th 
matter  of  pnhliaition  of  pn>o<'t'<linjrs  was  further  dist-iLs-^e^L  Mr. 
Bi]lin  liaving^  tendered  his  resignation  as  <  ^irris[JOTiding  ^eeri'taiy  aiiil 
Trejisurer,  owin^  U*  his  teniponir^-  ul>,scvMee  in  EuroiK%  it  was  mid  hm 
not  ;wx*eptiHl,  antl  Afn  Norris  was  a]ipointefl  (.*orn>!p*iMdin^  ScH*n'titr\ 
pro  Wni,  and  Mr.  Hoi^pes  TrLtu^^urer  jtro  tcifh 

I*rf»pt»sais  iuv  loeiubeisljip  were  e^MisiclenHl,  and  other  routiJu*  hani* 
nei^  tninHaett^L 


REPORTS  OF  COMMITTEES,  ETC. 


[.       AnNIAL    llEPtjRT   HF  THE  HECRKtARY   AKD   TtiKAS^rREH. 

Ff>i*  fhr  j/f'ar  (HfltHf/  Jft  tiff  fir//  Mf/t,  IsHK 

Mr.  Premhni  and  Grn^lemen  i 

The  prt^nit  mec^tiu^  elas©^  our  ^v^t  fisail  year.     The  exiK^rimentl 
mahitiiining  an  EngintM^r?;'  Chih  in  Phihidelphia  has  proved  nuy^t  .'<rif*- 
n'-ssful,  and  we  may  all  feel  t-neoaragetl  to  go  on  in  the  g«jml  work. 

8inee  its  organ  i wit  i<jn  the  Clnb  has  ht^Irl  eightwn  it*irular  nit^*tijigw, 
ineludiiig  the  pre^^nt  one.  Considering  its  linuti'd  nieml>ership,  theattend- 
aiiee  has  al wayi< been  very  large.  The  mem  1  Ji^rs^ genemll y^,  .sc**m  U i  taken 
a  great  inteix'st  in  the  welfare  of^  the  Club,  imd  ha\*e  dont*  mni*h 
tiiwaiil  making  it  jjerinanent  and  mitTH.'?>sfuh 
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riH*tiilx'rslii]j   im.<  lieen   iiK-reiLsed  by  the  adilitinii  of  lortVHJur 
tn  tli<i^^  iif  thi'  urgimizers^  lutikiiiga  t^^hl!  of  i^ixty  iut*mbei>s  uf 
chis^is.     Thrt*t*  meiiilx*rs  have  resi juried,  one  uimw  lui^  beencLiiiigcx! 
^ini  the  list  <if  netive  tu  tliat  of  f(HT*.*;?poncling  ineiiibersi^  and  we  liuvi^ 
irt  imi'  iueiiil*er  b%*  ileiith. 
Ihirin^  llie  yeiu%  s4'%'eiity-iiiiK'   U>uud   v<^liimeSj  Ix'hvoun  three  litin- 
^Irwl  ami  four  humlreil  iKiinphli't^,  l>e^i(k^  u  imiiil>er  uf  map?-,  draw- 
B|^,  etc,  hnvv  \wLm  given  to  the  Club.     Thefcse  danatiott^  have  biM}ii 
Brt-t%'f<il  priiiei|i£dly  from  tlie  foUowing  s^ounn.^: 
f  Aracrieuii  Sw-iety  oi'  Civil  Engineers. 
AmiTii-iin  Ins?titute  of  Mining  Engineers. 
Frauklin  Institute  f>f  Phihulelphia, 
Brig^idier-Genenil  A,  A.  Humplireys, 
Hull-  St«i^retar\^  of  the  InkTiar. 
Hf in.  BiH^retiin^'  of  tlie  Triii.suin\ 
Hon.  S*<»retiiry  *>f  W:ir. 
Unitinl  Stands  Light  llon^e  KoanL 

»l*iiite<l  Static  C^ln^t  Survey* 
Smith^^iiiian  lu.'^titntitMi, 
LTttit4*il  SUiU's  ]Aiv  Sjiving  S*rviit\ 

»Unit»'sl  Siiiti's  Department  of  Agriddture. 
M^ir  J.  \V.  Pnwrll. 
IV.  F.  W  Ilaychn. 
(.ai}»tiiirt  \L  1\.  Brown. 
<•.  liMi-^ireiu 

I  Henry  Gannett. 
S;iricifr»rt1  Fh'niiiig. 
I  'en  ti>  \'  I V  a  1 1  ia  ( i  i»o  I  og » esi  1  S  u  r  vvy . 
FlubMK'l|>liia  M^ihT  DejMirtJiient. 
Ann'rii-^m  Iron  a  rut  Steel  Ai^stH-iatirMj. 
<  onunifi^iiaior^  at*  FuirnHuint  l^ark. 
Hail.  John  F*  Hartnmft, 
Hi>ii,  CVirrol  IK  Wrigiif; 
PfT>f,  GtH^rge  H,  On^k. 
Homtiti  .Scnnionr,  ,lr. 
Pn»f  Kolnrt  H,  TliTUvtoru 
Ht*tir\^  <i,  ^forri^i, 
M,  S\  Forney, 
iUm.  J*  Hinifit^ai  Africa. 

>I'nif4>*M*r  L«*wl^  M*  Hanpt, 
Philadeiphiii  S*x*ial  S<'ienfH'  AKH4X*ration» 
4  Imrlen  E.  Billm. 
K.  H.  L*v, 

Charhih  P,  Choiitt^an* 
tjdward  K,  Andrews. 
Tlw*  fMddislier^  of  the  foHowing  periodicak;     Ameriain  Majiufsuv 
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turer  mid  lnn\  World,  lr«»n  Agi",  >M*'tal  Worker,  Van  Ni^tmn«V-i 
EcWtk'  EngiiHrriiitr  iS[a^i>fiii<%  flfMiniul  of  tlu*  Fnuikliii  InstiUtK 
Bulletin  Anieri(*iiii  Iron  nrnl  Sttrl  A.ss:H^iation,  EntfiiuH-riD^  X<*w?, 
HailiHuui  Giizctte,  lV>lyr<H-lmif  Ki'vii^w,  S(*irritifie  AiiiorK^ui,  bivi\ 
VQvy  kin<llv*  \ivvn  .Minling  rurrent  inuiilxirs  i>f  their  pnljlicutmrn 
tfi  the  nHUij*?  nj"  tlie  Club, 

Nothing  lias  wjiitrihutCHl  more  lurgiOy  tc.i  the  E^iHKtww  of  the  ( '[n\\  aiiil 
tfhvanl  k^jiin^  up  an  intere?^t  hi  the  miH*ting^,  tlum  1:1  le  Wi*rk  of  the 
NL'veral  Coniinittti-s  on  Jnfonnatiruj*  Sm-h  a  4'i»niinitu^*  lia.**  rej^irtal 
at  aieh  iJiirthijr,  lieskks  ort^inul  |ja]H-i's  wrirteii  f>y  nienilK-i's  of  the 
mmmittH>i,tIiey  hii veals )  Iinaij^ht  forwani  notis  and  Hnggt!sti<)n>i  np)ri 
various  engliittTiiig  to]>i<s,  wlnt^li  have  ]\.^\  to  uniinat^xl  and  interc^tiii^ 
dirieuf^ioiis.  The  pnrieipal  sultji^t-^  thus  Ijrotight  In^fort^  the  tluhliavp 
l>eeii  ^  StR»t*t  ( *Hr  Motoi>;  J  Metrie  Systenj  «>f  Weight^  and  Measure!*: 
South  Strtrt'  ISridge  ■  Mississijvjii  Juttie.^  ;  Pliotiogni|jli  and  Teh'ph^mc; 
Steam  Boilei's  aJid  Kiigine^^  tor  Hfjrli  Pn>isuris:  Kk^ctrk-jd  Karth  (Mr- 
reut^t ;  Haritau  Kivit  Bridge;  Ot^-unvncH"  of  Cua!  iji  tfje  Mi'sf^»>ii; 
Sandjitoue  id"  Moritgonieiy  f^ouiity  ;  SmlKianl  Piiw/  Liiiu  ;  Water  Su|*- 
jdy  of  Philadelplda  :  Uayford'ss  l*rot\'.s«  for  Crei».s<>tin>^  TiinU>rj8t 
Gothanl  Tunuel ;  '*  Hay  "  Ste^'I  Phm/l's^  ;  Xotts  on  Bridgt*  Erwtioii, 
Pitt^l)urg  and  Lake  Erie  Kailroail  ;  AJuswtirth'H  Autoniatk*  SwltHi ; 
Notes  on  Irtiii  Cais  for  Railroads;  Adani>*  Pump, 

The  foUowhlg  jHijM'i^s  have  l>eeii  ivafl  and  diseiissed  before  the  Club: 

Xo*  L  Strti^t  Car  Motoi*^,  by  »h  F,  KulMMson.     (Xot  publisher h) 

Xo*  2,  Oil  iSuncU  of  Peiui.-^ylvauia,  l\v  Cliarle>  A.  Ashburner.  (I*uh- 
lished  In  J*Hiru;d  of  the  Fraukliu  lnstitut*^) 

Nu.  3.  Lowe  Ga-^  Prm-e^^  by  George  I LOIirUtiait,  (Not  ptiblMie<i} 

Kij.  4,  Drainage  and  SeMcrage  of  Philadelphia,  by  Rndnlph  Ilering. 
(Publi^ht^l  in  Van  N^o^t^ind*s,  Iron  Age,  Repc^rt  tjf  Bosird  of  Tlf^lth, 
ete.) 

No.  *j.  Bt^riug  Pile?^,  by  IL  lleriug.  (Pnljli^he*!  in  Eugiiieenu^ 
JJewB.) 

No,  6.  ProjKxsixl  Removal  of  8niithV  li^land,  hy  Prof,  L.M.  Haupt. 
(Publl^htHi  in  Van  XostmndV  Eekn'tic  Engiueering  ilagsiziue.) 

No.  7*  Water  Sup|)ly  to  a  8tainp  Mill  in  Venezuela,  vvitii  Xot«s  on 
Kutter's  Forninhei  by  William  F,  Jiiddle,  (Publi.slied  in  Van  No$- 
t raud ':?  M  aga  zinc-) 

No.  8.  Empiritid  Fornuda  for  E^ti mating  the  Stn^ngth  of  W nought 
Iron  Bt*anii?,  Iry  P.  Roln'rt^,  dr,     (Pulili?ihed  in  Iron  Age,) 

No,  f),  Kontueky  River  lU  idge,  by  Wm,  F,  ^H.*Ile^>.  {Not  publkhe^lj 

X^o,  10.   Want  of  Unifonoify  in   Arningjng  Sntle?^  of  Mafi8,  with 
table,  by  Prof.  L,  M.  Han|>t.     (Publisht^l  in  dounial  of  Fmnkli 
Institute,) 

No.  11.  Strength  of  Wrought  Iron  in  Stru(*tui*es,  by  P,  RoIktIh,  Ji| 
( Publish cid  in  Iron  Ago,) 
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Uie  PhtUitlt^lphia  Puhlir  Lr*hfn\  ami  in  nutKt  of  tho  I'ligiiiornii^  [leri- 
■limk  uf  tlit*  rouatrv* 

■  At  rhf  imx'tin^  hv\\\  ManJi  Ifith,  1878,  a  fonimittee  was  a]>[>(>inUtl 
til  rcjKjrt  ujMm  the  advisability  iira(ln|itiri^  tfn'  Mi-tri*-  Systorn  uf  woigljts 
and  mt!asurc8  ias  a  staiidanL  TlR^ir  rt|>(»rt  was  prt^sciitrd  April  (itii, 
and  ordercil  fci»  k^  priivtol.  It  iia^  lieen  widely  pnhlislH^cl^  and  lias 
rwx-ivc**!  c-arefiil  atti^ntiun  from  many  jRu-^nns  \vlif>  arr  intcnvsti-d  in  tlie 
oflfiptifMi  i>("  tills  systi^i II  uf  wc*i;^Iiti<  and  iiit^asnns, 

L  llie  S«»('nK-tary  pn^parcd  a  ^reitmrial  to  tlu*  nnnnndilt*  Mi^ndjcrs  *if 
■|€*  Iji^ip*latmt*  f^r  Feiirisylvatna,  pniyiri^  fnr  a  tlinnm^ii  jjit^rxlt^ti^" 
BTvey  i*f  the  States  tind  the  aet*iiratc  and  [K^rniaiirot  hw-ation  nf  all 
TOii n ty  an d  t< > w^Tir^h i j)  ) i nis,  ^v  1 1 i ( *h  wan  tv\ id  a t  t f i e  i n ol4 \\\^  h e Id  ( )t *it\- 
\^i  hih  arjd  unlere*!  to  Ih*  |iriiitcHL  Co|m*4  of  tlie  Memorial  fiave  iM'^/n 
Meiit  ti>  all  immilKTK  of  the  Ix'gi.^hiture,  and  to  many  |»erH)n!^  tliron^h- 
(but  tlie  State*  who  won  Id  Ik-  interested  and  iriHmnitial  in  tfi*'  arl%'anee- 
ment  of  it^  riljj^'et.  It  has  reeeivi^d  the  siirnatun^s  and  hrarty  iMiduise* 
^eiit  e»f  many  *>f  the  most  prominent  men  in  the  State,  and  k  at  pre?*- 
■Dt  under  t?on!^ideniti*>n  in  a  {-omniftte**  of  tlie  Hoii!<t*. 
1  III  dune  last  J  the  Hoard  of  DirHtion  of  the  Amcriejin  SocMety  of  Civil 
piig'ini't^rs  ex  tenth  h1  to  inenihriv^  iif  the  C1uh  a  very  kind  Invitntton  to 
attt^nd  thr  Tenth  Annual  (*onveiition  f>f  tliat  Snciriy,  wlneli  wa.^  lield 
in    li*ist<>n,  June   iHtli,    19th,  2ntli   aiul    I^lst.     Twenty-fimr   rnemlw^i'S 

tvaile*]  thenis4*lv<!pi  of  the  opjMirtnnity  to  enjoy  tJie  jn'ivik'^ij^'s  and  l^en- 
BtA  of  that  (leertsion^  and   I    know  tliei^   witn  not  a  man  amon«;  thi-m 
Hio  did  not  leave  Bostojij  after  tliat  must  delitrhtfnl   week^  with  find- 
in*^  iif  iW'p  ^mtitude  to  tlie  Ameriein  S>eiety  of  Civil  Kn^inwrs,  and 
Ui  the  K luteal  StMMety  of  Civil  Engineei-s  for  their  many  kind  uttentioiig. 
The  fii-st  yeiu'  of  the  Clidj's  existenee  has  ti-rtainly  been  a  very  f<iK> 
Kful  one*     The  [)it>h!eiii   now  is   how  ean   we  increase  its  ns*^fnlni«s 
[id  value  to  niendKjrs  and  to  the  pnhlie?     It  i^  evident  that  the  mem- 
ship   of  the  elul>  must  Iw.^  lar^ly  ineiTascl,  and   the  amount   of 
rr^ii^Tt*  mast  dejK'nd  n|mii  tin*  individual  etliai.s  of  the  pn-sent  ineni- 
^Th^     Jndt^int^  iVom  the  numhrr  t»f  applieati^nK*^  fnr  meialuM'shij)  now 
Dfter  f^insidiTutiiin,  and  tlie  very  favoniMi^  opiaioii  uf  iln*  ('lab  enter- 
lined  liy  mitHttiif  the  eiijrine^.'js  resilient  in   I'hilailelpliia  and  its  snb- 
In^  wx*  tuij^ht  nt*t  to  5nd  any  diffienlty  in  addin^^  at   l^jjist  a  Iin mired 
t^mlM^rH  li>  tmr  mini  her  during  the  next  twelve  rmmtlis. 
An  oOiT  hit^  rr^ccntly  been  made  to  n^nt  to  the  Club  larj^rer  and  more 
Eiawnieiit  r*M>m^  than  we  now  oeenjiy.     It  is  inniorttuit  that  we  make 
I^Ciub  room  in  every  way  attraetiv(*  and  r*iHnfr actable,  and  thi>  eonld 
ably  be  more  ea-^ily  aee<implished  in  other  than  the  jvrasent  rtHvm?^. 
m^ould  nng^c^t  tluit  a  e<mimittee  be  appoinh'd  to  4*onsider  the  advina- 
ility  of  making  a  ehange  of  (piarters. 

Nothing,   however,    i^  of    mure   imjjortanee    for    the    ^velfare    and 
pnHjRTity  of  the  Club  than  that  we  shouhl  mafh-  some  definite  arran^^e- 


iin 


Repmi^  of  ChramiUee^. 


[Pn^.  Enf-Onlii 


lociit  wilJi  rti^artl  Ui  the  piiblimtioii  of  transaitions  aiid  jiroceedinj; 
Theft*  WH^nis  to  l>e  I  Jilt  two  plrm,<,  w)in*Ii  art'  in  fvorv  way  pmclit^bk 
for  !4cti3niplishiii^r  tliij^einL  One  !>;  that  we  nmke  a  eontnii't  wiili  om 
f»f  llio  enj^inwriiig  j>t*no<lk'j^ili<  for  tlie  U'^e  of  a  |Kirtion  of  its  [jugiss 
thi'  other  plan  i^  that  we  m^iie  our  nwn  publit-atiou^^  in  [»aniphlet  (urm 

Only  cmoof  the  engiiKHTing  jKTtodimk  hm  made  an  offer,  ami  the 
ammgenu^nt  wlileh  etnild  he  made  witli  it  wiadd  ]Mie^w.!JN^  verv  few 
advantagt*,^  and  many  *hs;advantap>.  Thij-  j>lan  h?t.s,  therefon%  btMt 
^riven  hut  little  eonj^ideration. 

The  plan  j^iijir^ri^teil,  of  issuing  ail  publieations  fruni  the  Club  in 
|iam[>lihl  f*mi\,  possc^sn.^  many  and  veiy  *Ioeidwl  advantages^.  The 
eost  wfiidil  lie  c^impanjtively  small,  winle  the  ]aihlii'atioiL^  would  give 
tM  the  C'lnh  t!ie  nf*tori<'tA'  whieh  it  ch'servci^,  and  \vr  wonld  receive  man v 
vaUiahle  additiuiis  to  tmv  IWmuy  in  exehange  f^r  ec»[iiei^  nf  the  tnuij^ 
aetiojiK  Tin*  pidjlimtioii  of  tmnsa^tiorrs  wtadd  \ht  ima^j  towanl  kcep-_ 
ing  alive  the  interest  ofi-at-h  inemher  in  the  atlinrsof  tla*  Clnl»,  I^i^iida" 
|mn-idiiig  for  the  puhlinition  ijf  papers  read  In'fon'  the  C'kib,  and 
notcf^  anfl  information  sent  in  by  nK;mber>^,  eiieli  miniljer  of  the  tmns- 
xietions  might  ermtain  notltrs  rd'  new  and  ini|Ka'tinit  biHiks  or  jiantpli' 
let>^  treating  of  engi netting ^suhjetls,  n ad  inu<"h  r>tfH"r  Inforinatinn  whieli 
wotdd  Ik-  ofti?ieand  fnteres^t  to  tlie  menihers. 

I  hiring  the  year  thiiee  aKseK-^nients  liave  Ixrii  made  iiptnt  the  raeni- 
W'Ts  of  tht^  Club;  one  in  Fehniarv,  to  meet  tlie  ex|>Ptise  of  a  i"eixmtioii 
given  to  the  AuK^rinni  Institute  of  Mining  Engineers,  ut  the  reini 
<  1nh ;  and  two  n*grdar  aj^sessnienti?  (April  (Ith  and  Nov.  *id)  for  tlu' 
ordinary  Clnl)  ex(»ens<*>. 

Tlje  following  stati'Jnein  showj^  the  innrtnntf*  of  n*(*eipts  and  ex[>ei] 
tlitiin>  for  the  venr; 


lleeelvi'd  fi^Hu  Initinrioa  Vv**^. 
"  "      A?*M'KsnH'n(N^ 

By  Heeeptiun  tn  Amk  tnwi.  uf  M.  K,, 

*'  Pt»8ta^e^    .  - 

**  Pnijtin;;, 

"  I4ent»  m  J:oi.  iHf,    , 

"  JauitreEi-s      *'  ■ 

**  Utis  Fixturt'j^t 

"  Fuel,         .        . 

"  Fire<Tr*4lei 

»*    SttititiuerVi  Xntiet^,  I'te., 


Jiriiuuee  uii  ]u^ill, 


$  71  oa 

an  70 


!tv|M2  ' 


^  m  7r* 

44  ol 
:^j  77 

5  0(1 

t»2  72 


l^iW  2n 


$  2^05 


Sjine  of  tlie  exixiiw;<  alK>ve  euunienite<l  may  Ix."  ehi'^'^^J  jus  extraor^ 
dinat^^  \mng  i^uch  a.-^  we  M'ill  nut  Ijo  mlk**!  upon  to  mwt  agtdih    It  will 
Im*  sr^'ii,  however,  that  the  revenue  ilerived  from   diie.^  i^,  with   the 
jmAH^at  limited   nierid>ei^hip,  jit^t  about  enough  to  meet  the  ordinary 
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Report*  of  CbmmiVf^^j*, 


in 


ptu*i_'S  of  the*  Club*     1  have  preparcil  un  estimate  f »f  the  iiett'ipti^  luul 
ra^-B*  for  next  yeur,  whirh  1  subniit  herewith. 

tti  cIiiKin^  this  rejw.>r^  allow  iiie  to  expn.^"^  tht^siriwre  hojw*  tBat  each 
Hiiitcr  of  the  Chih  will  till  nil  he  [MJKsjhly  eiiti  t<)  |*romote  its  every 
lUeresl,  imd  to  e>tnljli)^li  it  upon  siic4i  n  >imw\  biL'^is  that  it  rnay  l>e  tehj 
it  a  5*ir*nig  |w>\vlt,  fur  tije  *'  ailvaiKt^Dieut  *A'  eiiginwriiig  in  it:*  i^veral 
branrbe^^'  ihruajifhoiit  llii.*!  City  luiil  State* 
Very  re,^ j>eetfully , 

Cmas,  E,  BfLLJN, 

SeAirdartf  mid  Treamtrer, 


Tb 


¥yn 


iv   i:orurinrT4'o   on    thi'   Merrit*  8y??ttMii   n*8peetfiilly  l>eg   leiive   to 


Sini-e  ilu'  hiM  ir|iHrE,  nMnirrwi  April  tirli,  IH^S,  the  rominittet*  have 
111  publinfuxl  oiK*  «'o[»]us  fti'  their  j'f]w»rt,  wliii-h  W!i>  iriianiinoiii^ly 
inptwl  \yy  fhf  CIuIk 

Copu^  of  the  re]>orf  were  inail*:<l  to  tlje  KuuUii^  Aiiicritiaii  ricieiitifii- 

A  engineering  j(iuriniW,  tr*   iUe  jrriiu-ipal   i^nentiHr   Kocietiivs  piibli*' 

HitiHioiis  anil  niuhtiritit^.     The  report  wa*^  re]>nblislRul  in  full  in  tfi** 

UuntHftl  (»/ fhfFt'uttkfm   It\Mt}fnh\  and   wa?^  fiivoralily  notitrtl    itj   Van 

wS^mimntln  rJn*/un'rrJ*     ^fflf/t^z^ilt\  Jutt/tnrvrinf/   Af  ^r-^,  Knf/hteerhif/  ttJifl 

Wmifig  JountaL  ete,,  ete.      Numerous  ackivowk?tlgnients  ^ve^e  reeeivetl 

prtiui  iiuhviiitiak,  aiid  the  iV>nnnittee  have  even^  reii^m  to  iK'Iieve  that 

Aw  rirjiort  a«^>niif»lishe*l  the  ohjiH-t  fi>r  whieh  it  was  publisJied, 

Rtvjn'«'tt'iilly  T^iibniilkHl  by  tlie  Conunittw, 

Chas,  a.  Ashbuunek,  Chulnti^tn. 
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NOTES  AND  COMMUNICATIONS. 


COST  OF  THE  CLEVELAND  VIADUCT. 

The  following  table,  compiltHl  from  tlie  City  Auditor'n  books,  shown  the 
expenditures  on  uecount  of  tlie  Viaduct,  in  full,  to  Dw.  21st,  1878: 

Coste  of  Court,     ......  $1,523  77 

Legal  serviees,             .....  1,000  00 

Taxes,    .               ,  443  59 

Total  amount  paid  for  land,     ....  522,880  2$ 

Coftts  of  sui>erin tending  construction,          :               .  .           11,346  W 

Miflcellaneous  expenses,           ....  11,403  9S 

Engineers'  Department  pay-roll,  .             .3,140  4^f 

rONTRACTORH'    AC(*<)rN'rS. 

Amount  paid  K.  W.  Ensign,  of  Buffalo,  for  west  side  masonry, 
river  piers  and  grading,  ....      1,240,34811 

Amount  pai<l  J^ouderlmidi  «&  Co.,  of  Pittsburg,  for  iron  hand- 
railing,  ......  8,071  2D 

Amount  pai<l  Sherman  &  Flagler,  of  *Utica,  N.  Y.,  for 
masonry  on  east  side  of  river,     .  .  .  .  25,744  2$ 

Amount  paid  Claflen  &  Sheldon  lor  iron  si)ans  ami  draw- 
bridge, ......  119,18041 

Amount  ]mid  An>i(m  Medina  Stone  Comj)any,  31,220  1^ 

Amount  paid  John  Mahon,  Jr.,  for  sewers,   '  .  .  2,278  14 

Amount  paid  W.  H.  Thompson  for  steam  engine  and  machi- 
nery for  turning  the  draw,  ....  8,«JdO  01) 

Amount  \m\i\  Maxwell,  Mc Bride  an<l  Malone  for  flagging 
sidewalks,         .  .  .  .  .  .  2,026  12 

Amount  paid  VVoodliull  cfe  O'diorman  for  iron  stairs  wt^t 
side  of  river,     ......  1,419  30 

Amount  i)aid  People's  (ias  ('ompany  for  service  j)ipe,     .  291  94 

Total  expenditures  to  Dec.  21st,  ISTS,  .  .     sl,986,668  13 

The  estimatcil  cost  made  by  tlie  City  Civil  Engineer  D(h*.  2Sth,  1875. 
including  the  ri^ht  of  way  and'  all  the  expenses,  was  ^2,2<M),(KK>.  The  total 
cost  completed,  it  is  estiiiiated  now,  will  be  alxmt  $2,1<)<),0<X).  The  f^wt  of 
the  structure  alone  will  aggregate  about  !?1,WX),(MKK 

The  above  table  was  sent  nic  from  a  reliable  i)arty. 

Kes[)cctfully  submitted.  Chas.  A.  AsHnrKNKit. ' 

Knffinrrrx'  (InU  qf  Pfiiladdphin,  .Fan.  iStb,  l.S7!>. 


llKfU'LAK  Mki:tin(j,  Fkii.  1st.— Through  the  kin<lni*ss  of  Mc^si-s.  P. 
and  T.  Collins,  (•ontractoi's  of  the  Madeira  and  Mamore  Ilailway,  Brazil,  I 
am  nermittcd  to  present  to  the  Engineers'  Clubof  Philadelphia  an  abstract 
of  the  report  of  progress  made  by  C.  S.  D'Invilliers,  Chief  Engineer, 
together  with  tracings  of  the  maps  and  profiles  of  the  j)reliminary  and 
locate<l  lines.  KespcctfuJIy  submitted, 

Chas.  A.  Ashburnkk. 


PbiU.  lJ*TaNo.i.] 


Nt*te^  nml  (hmmtmmaimu. 


I  in 


*'San  Antonio,  Oulobur  loilu  187H. 
"MEfei.sRs,  T.  ANi*  1'.  Collins: 

''iwrnffrmrn :— Arci^niiJiK  toy*Hir  rtHjuent*  tliat  I  should  ha  aoon  ush  jxi^.^lbk" 
«ubtnil  a  rt*ctird  of  our  work  and  h  ri'iK^rt  t^f'tht'  i^omitry  we  lui%x*Hurv**ycfl, 
I  have  Imtl  phm?*  made  of  id  I  tiur  Hurvev:^  tJ[»  to  driu^  whhh  fiuiipriHe 
IheiHiimiry  lx*twwri  Hun  Antonio  ami  t^iib^Tao  do  InJlenu^ ,  .  .  *  which  i 
rt*ipe**tfuUy  submit  in  <*onni^'ti*in  with  this  report, 

*'  Our  exkinlnatluu^  dnrhii?  the  firi-il  two  or  tnrtH.^  uuJiitlij*,  t'ourtixe*!  prin- 
t'ipidly  to  tlir  territory  iR'twwn  here  aiirl  MitcaeoH,  u  dif^tMut-e  of  five  tnilt^ 
by  river,  rh'vclopt.Hi  »  country  njiicJi  i>roken  liy  dt*p  mviiii'^i,  «it  the 
h^Bds  of  whirh  we  found  ti  pUiti'au  or  ridge  dividing  the  waters  of  the 
Janiari  from  II  it  we  of  the  Muclcini,  wlde!i  at  ditteretit  elevutionj^  eonlinues 
to  exbt  as  fur  as  I  lie  Jaei  Piimna  Kiwr,  The  i^rotiiifl  uhm^  tin*  river^w  (Mljjje 
b  flut  and  ^iMM],  mid  %vhh  n  low  enihankinent  wotdd  he  ttv:ii bible  for  rail- 
TO*M.I  puriKJHi'si,  exeept  tVom  the  fact  tJiat  uhrupi  IhIIh  vmnv  Jlush  to  t lie 
river***  etfee  iit  Maf^aeot*,  Tht?otonii)  FallH  and  i.*ther  pohitii. 

'*Betweeti  the  ri%'er  tmd  the  dividing  ridge  there  [a  no  alternative  .... 
«ltut  t'»  eliiidi  to  the  (Hatejm  at  a  maxhimm  elevtitinn  i>f  :awi  feet  atn^ve  high 
Hfttlef, 

*•  From  Kan  Antojduto  llie  eml  of  the  j*ixth  nuK»  there  Is  genendly  rou^di 
Jid  i.v>mparidivi-ly  heavy  work;  from  there  t^o  the  eiirl  uf  the  fortv-thinJ 
mile,  ciT  six  Mirb'3^  thiH  .Hide  of  ihi^  Jaei  Parana  Hiver,  the  country  Is  nut  and 
getillv  ffdliug,  at  tin  Jivenige  elevation  of  4iK»  feet  abc^ve  high  Vater,  over 
whieu  a  very  ebeap  ami  «ri.*m-rally  favorable  line  can  be  ohtuintsl.  *..... 

'*  Between  the  ridge  and  the  Madeira  Hlver  are  numerous  detached  hill.-*, 
tuiiJiy  of  them  quite  blghj  into  whieb  we  ran  with  >itnnc  of  onr  trial  lin**^. 
Tb<^»  bills  are  generally  m  the  neigldiorhood  of  tlie  rapid?^.  ,  .  .  .  railing 
tUirb  water  lilMJ,  tiie  ma^iinnm  ek-vation  of  I  he  ridge  1«  4(HJ  feel,  that  of  the 
deiiu^bed  hi  11?^  mi  fwt 

•*Our  survey  along  the  Jael  raraiin  Kiver  shows  ii.s  a  very  entokeil 
i4rvaia  from  S5*i  to  4<Ki  feet  wide  duringlow  water,  with  gein^ally  low  huuk* 
frfiiu  il  U>  H  fet4  below  high  water,  an<l  in  Home  j»laei^  high  hlultkou  one  side 
and  bjwer  gniuud  on  the  other.  The  highest  and  best  groum)  on  the  wci4t 
side  is  that  which  we  have  chiweu  for  the  cnwsjiig-  it  is  ulMtut  S  miles  fnnn 
the  mouth  of  the  river  by  the  river,  anil  fcmr  miles  in  a  direct  line. 

**,,,,  From  the  erossitig  tiiward  Santonio  the  ground  risi^  gratlually 
about  2  to  ;i  feet  per  hundrecl,  UTitil  it  reache*^  tlie  phiteau,  whieh  is  li)n  feet 
above  high  water,  being  level  in  ii  rlirection  uji  ninl  ijown  theTaci  Farana* 

*'..-*  Heganiiiig  water  ways  ....  l>etween  !San  Antonio  and  (*abicrtOp 
vr e fihul  1  req u i re  n ot h ) n g  i n  tin*  h r i d gt*  line  e x < *e pt  o \' er  a  i* riH'k  i>n i^h al f 
mile  from  >^n  Antonio  nml  the  Jaei  Parana  River,  The  creek  is  \^)  feet 
wide  at  high  water.  t>ver  the  riser  from  'i30  to  4lK)  feet  of  l»ridging  will  he 
atimlc.  The  neei'Hsjiry  culverts  will  average  one  in  everv  two  ndles.  As  for 
timoer  ,  ,  ,  .  we  ean  get  tie  tiinla-r  anywhere.  The  timla^r  is  the  heaviest 
otj  the  ttvyii  twenty  nnb**^,  and  getn  gmdmdly  lighter  as  we  approach  tlie 
Jtwi  Fiirana  Kiver,  Adjactnt  to  tlie  river' small  jmlms  mostly  ub*amd^ 
f«>w  of  tlu'  tre**?*  Wing  mi*re  than  l(^  implies  through.  ...  *  The  hrusii  i.^ 
e%'erj'wbere  very  denne,  making  it  inqniHsiltle  to  inve?4tigate  the  country  on 
either  j!*i do  of  tbi^  tine  without  rtmniug  cut  lines  ami  levels.  .  .  .  , 

**  We  have  iieen  much  thrown  hack  <m  aeciaint  of  sickne?*j4  among  the 
eorpe,  reHulting  not  nj  much  from  the  unhealthinessof  the  climate  a-s  fnun 
the  difticidty  of  kinjnng  up  the  sniiplii's  of  proper  I'ooil.  ....  My  own 
expericuee  ban  lieen,  that  heyorni  a  sfiglit  lalious  tenrlency,  tlie  climate  i?v 
not  nnhealthy^  exeept  pcrhapH  thrmtgli  the  months  *>f  July  and  August. 

*' There  has  been  no  suttering  from  the  heat  by  tliost'  In  the  wo*nl?*, 
atlt hough  the  tern penit lire  ranges  at  about  bwF  Fiib.  [max.  i  in  the  sbiide, 
juid  VJUT  fmax.^  in  tlie  sun.  As  to  the  geol<>gieal  features,  1  am  itielincfl  U* 
think  we  shall  tjnd  no  solid  rock  except  at  stations  110  ami  MK  In  nearly 
i*very  cut  in  the  firwt  six  miles  w*'  have  ftannl  a  deronnmsed  grarnte 
eemented  with  elay  *>r  iron — in  many  eit-^ew  gmnite  ItoulderH,  That  ecun- 
poHJnif  the  Cachuelas  is  uintoubtedlydf  \'ole«nic  origin. 


f*5»  nm 


tl**OC&if*(lTlfc/' 


*'  HfiTjinliii^  tht*  locatitm  afuur  line  to  tht^  Miuleini  lUvt^r,  after  iiimii^ 
Mui^urtiV,  wJK-rr  we  a  re  liiMHi  IVct  ill  tJii*  Hf>#it*j^t  jwjbit  U  ut  tlit*  ?>ixtL»enUi 
mill' |M>Hl,  or  twrtiyiki^  nUuvv  IUk^Mowu,  wht're  w*.*  are  alM»ut  two  iiiUes  iiv. 
At  Tm^citiniUi  Palls,  ten  jiiiliv*^  from  hiTt^^  wt-  art'  siix  inilet*  in  ;  at  Ran  t.'arlnft, 
twenty  inik-K  fnmi  herLv,  ttirw  nrile^s  iti  ;  rit  tlw  tliirty-fin^t  niile  pout  wt^iiff  * 
nitwt  rlintant,  iH-in^*^  ninv  inilr-w  irilnnd  ;  at  Jaci  Paruim  lliver  four  iiiik^,  ft! 
CtihliT^ij  two  an<l  oiu'-luilf  inili^,  at  Tre^  TrTna<^H  we  siliaH  ]ini!jal»ly  Im'oii  j 
the  river  liatik. 


I  lUJi.  ^i^ntU'iiieii,  yiiuT  oliinUeiit  MTvanl^ 


K" 


'*  November  i>,  1S7H, 
^Mkhsuk  J*.  Axt»  T.  Ct*LJaN8: 

*^frrftfft'yftt  1}  :--l  Htmd  ymi  thb  inoiilli  ,  .  .  .  injijis  of  ttie  liK!i\ted  line  < 
railway  froin  Snii  A ntoiiiti  t<» rotation  llIM^,  or  ahoiit  tweiity-oMeniirl  (m*>haU 
ijiik'**, "antl  iirryti^ted  lucalkni  fnnii  s^tatioik   llfMMo  iViUtiTliMla  luJiemo* 
wt4ition  :!ii;Ki.    Tin*  liK-atiii^  jjarty  am  now  nliout  HtnlitJU  l7(Ki,  and  nmkin 
very  rauid  |>n'>jfre!JH. 

"At  the  fiiiic  nf  wrltiii^r  the  track  is  laid  tOMtati*^?*  lHWS,  or  four  luileK,  hu4 
Thi^  jrnNlhiy:  tn>in  tlieiv  to  tlu'eiuiof  Ihe  six  inik'wof  lit^avy  work  more  than 
half  finirtht^l.     <"(m.^i<!eralile  of  theira^'k  in  laid  on  tcnq>orar>'  lint'  «t 
I  )£jK'ttse  of  ahout  !?.S4XN(. 

*' There  hnve  hti^n  nine  trii*ili*5^  erecti^d  (t\Vi>  on  temponirj'  linei  «f  i 
total  hrjifth  of  ll-'V^  fwt,  whidi  liavi*  vant  |7»7(K».  Tliere  are  twenty-on 
miles  <*lear<'d  of  timber. 

*'  hi  order  to  ohtain  the  iTifonoatioii  we  have,  we  have  lieen  obligiHl 
ntri  uhoiLt  hH)  mih'^  of  trial  line. 

'*  The  loeriUoK  iKirtv  iinder  Mr.  Byerw  ^  eomttose<i   i»rijieijmlly  <vf  Jkilil 
am  Indians,  thei^*  Ih^ui^  seven  whitest  atnl  twenty-five  Imliaus.     Thei*e  d4 
the  duty  of  axemen,  move  the  i^amji  and  tranwiH>rf  |yn>visioiis  fmni  Siin 
Anionio, 

'M>u  the  !ir>^t  six  inik'?*  then-  will  he  l-7H,'iiK*  rnhie  yard?*  of  exeavatiou^ 
iihituC  twtt-thirtls  of  whieh  will   he  ]mh\   for  \i>*  roek   or  shah.%  and   17t>,(u^| 
fUbieyardH  of  enihankmeiit.     (hi   the  ri'malnin^r  distanee  the  quautitil^H 
will  [jVohnhly  (iversiire  fnun  ir>,(KM^  to  ]:^,^¥n^  eyhir  yju^ds  of  miiterial  to  tie 
irioviMi  per  iiule*     1'liere  will  (mihahly  he  reotjjreil  on  (he  aveniire  one  ciil- 
ven  iier  nille^  for  whieh  I  sliontd  [irfjjiose  nNiiiir  iron  \^\\*v. 

'*  The  only  l^rid^diiK  we  are  sure  «^f  is  l-'i^i  Jjju  feet  at  station  ;^l,  and  l^i^t 
lin.  fi'et  at  station  '21  M\^  over  the  .tiiei  Pnrann  Hiver*  thon^di  we  may  have 
t^p  hrldi^e  ^oineof  the  smaller  streams— at  inosi,  threeor  four  of  them/  There 
iv  hut  little  stone  to  he  olitained  anywhere,  uxeijjt  at  San  Antonio  an<l  The- 
ot*pJiio  Falls.  At  the  latter  tdai-e  the  sittnie  in  already  eut  and  Itedded  hy 
feature. 
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€,  8*  D'lxviLl.iElif!^^  Chkf  Bnghrrrr 
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PROCEEDINGS 

OF  THE 


Engineers' Club  OF  Philadelphia. 


QRGANtZED  DECEMBER  tnK  1877. 


THE  FUTLTRE  OF  AMERICAN  ENGINEERING. 

APPRKK^   by    TllfiMAS   €.  (  r.AHKE,    rRKsH^EXT. 
Rt^ft!  AjjHf  Wh,  IH7U. 

Oenti  JiMKN : — I  hnvt*  cln*3en  this  subject  for  my  mlclresiss,  m  I  know 

\*ii*  mine  more  iw^rsomilly  inUTe^tiiijir  ti>  \hi^  riif^nilKMs  of  tliii^  Cliili,  nioBt 

iif  i%*hom  art-  young  men  who  look  forward  to  nuniy  yeurs*  pruetit-e 

♦if  their  prrrfe^ioii,  and  whtiee  career  will  l>e  gi^ttly  inHiienccd  by  the 

hoture  iif  Arnerk^m  Engineering. 

The  nnnilien^of  (Hir  proft^on  are  inennu^tNl  every  year  by  htindredn 
i  *4^  ^tudimXo^  fmni  tlie  teehnical  and  ^sseientiiic  sc-hooLs,  mul  by  uthei** 
w^i  rfee  from  the  rankB  of  tJie  great  army  of  labor  to  beoooie  its 
limkf%.  All  fif  them  expect  Uy  make  engineerinjf,  in  some  of  it8 
vuriiuis  branehe*»j  the  j)rtd\^*^ion  and  oeenjiatioii  of  their  livee*;  and  all 
il^  intc*ref*t*?d  to  know  whether  there  will  be  i^oom  and  work  for  alb 

*h»**"8  first  demand  of  Ilia  profession  la  that  it  >jhall  ^ive  him  an 
WiTiwt  living. 

Hto*  next  rttrongfist  vnnh  m  to  find  an  opportunity  to  exeente  z^wiie 
tijf\t  dntt  jihall  fnlly  call  out  hm  abilitiesi,  and  give  him  Bome  menauiT 
4  timt  fame  wliirlj  we  all  pri/<2, 

Unally,  he  ought  to  wi)?h  to  '*  pay  the  debt  which  everj^  mail  ower* 
tttbl-*  prof estiirm ''  by  making  some  permanent  aclilition  to  knowledge, 
nther  in  ruginecring  itself  or  in  some  of  it^  kindruil  f^-ienees. 

If  n  nmn  Hicc^^tHls  in  but  one  of  these  tJirt^e  things  he  may  be 
itankfiil;  if  in  all,  he  may  jiiBtly  claim  the  title  of  an  ^k-minent 
ttfiueer." 

Tke  bniftjiJest  and  at  the  same  time  mLiet  eoncise  definition  of  engi- 
n^tiiij^  i^  "j^ientifie  const rnction/*  If  thie  be  true,  engineers  have 
ML^wi  fnimi  tJie  dayn  when  the  early  kings  of  Egypt  rc^ared  the 
fiiw  pj'nuiud.H^  a  thoiusand  yc^r;^  before  Abraliaiu  wa«  born,  down  to 
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the  generation  which  has  seen  the  achievements  of  Stephenson,  of  Morse, 
and  of  Eads. 

But  while  engineers  have  lived  and  labored  for  so  long  a  time,  it  is 
only  of  late  years  that  they  have  become  a  distinct  guild  and  profession. 
The  name  was  first  applied  to  the  makers  of  canals,  aqueducts,  dykea, 
jetties,  and  other  hydraulic  constructions.  Then,  it  was  extended  to 
the  makers  of  railways,  and  now,  it  takes  in  a  nmch  wider  range  of 
operations.  It  will  be  attempted  to  show  that  on  the  breadth  and 
inclusiveness  of  this  classification  dei>ends  the  solution  of  the  problem 
of  the  future  success  of  our  profession. 

The  first  question  is:  What  preparation  and  education  will  best 
make  a  man  a  scientific  constructor? 

A  great  deal  of  discussion  has  taken  place  during  the  last  year  or 
two  on  the  education  of  engineers.  It  is  not  intended  to  enlarge  upon 
this  here.  Suffice  it  to  say  that  we  are  all  now  agreed  that  education 
is  of  two  kinds,  that  derive<l  from  lx)oks,  and  that  obtained  from 
actual  practice  and  from  contact  with  men. 

One  tells  us  what  to  do,  the  other  how  to  do  it. 

Both  kinds  are  absolutely  necessary. 

The  more  of  the  first  kind  an  engineer  has,  or  in  other  words,  the 
broailer  and  deei)er  the  foundations  of  his  knowledge  are  laid,  the 
more  readily  and  intelligently  will  he  acquire  the  second,  and  the  more 
satisfactory  will  be  the  results  of  liis  practic(.\ 

But  in  order  that  his  learning  may  l)e  of  practical  use  to  him,  he 
must  also  have  exiKTience. 

The  young  engineer  of  the  present  day  comes  to  liis  work  with  a 
much  better  prejyaration  than  those  of  the  generation  before  him.  He 
must  not,  however,  make  the  mistake  of  supjx>sing  that  the  eminent 
engineers  of  a  past  generation,  who  never  enjoyed  the  privileges  of  the 
sch<jols,  were  deficient  in  scientific  knowledge.  They  had  it,  but  they 
got  it  from  actual  exi)eriment,  and  went  beyond  the  books  of  tlieir 
day,  and  were  in  many  case<  the  original  discoverers  and  investigatore, 
the  fruits  of  whose  labor  eveiy  school-lx>y  can  now  enjoy. 

The  weak  point  of  the  old  system  was,  that  while  it  produced  many 
great  men,  yet  the  average  did  not  stand  as  liigh  as  now;  and  the 
exjxjnditure  of  much  capital  had  to  Ik?  entrusted  to  ignorant  persons, 
whose  blunders  led  to  enormous  waste,  and  whose  names  are  now 
happily  forgotten,  together  with  their  mistiikes. 

The  young  engineer  of  the  present  day  should  also  remember  that 


,  1S791  No*  S,]      Future  of  Ajtiermtn  fmgineermg* 


121 


the  paBt,  tliere  is  but  one  road  to  aurx::ete.  He  who  wishe** 
commaQd  muat  first  learn  to  obey.  He  must  show  his  superior 
"officers  that  \w  h  |xTikily  reliable  aiul  faithtViK  A  man  wIhj  hit-*  liit* 
^juitid  ttctnipie*!  with  the  direction  of  large  interests  iijiprt^eiattis  fully  the 
Bprii^otii  of  the  ^<iying, "  Never  do  yourself  what  you  t^ii  get  any  oueeli^  to 
Bcl«'»  for  yf>u/*  But  this  cannot  be  earrietl  out  unless  he  feels  perteetly  suiv 
^tliat  hiiH  assistant.^  will  not  deceive  htm,  that  they  will  repf>rt  things 
,     exact! V  a^  thev  are  and  \nll  larrv  out  bis  instruetioas  to  the  letter, 

■  A  fter  a  young  man  has  sho\ni  tliat  he  can  always  h^  depended  ujKJn, 
he  will  t!oon  W  promote*:!  into  a  higlier  nmkj  wliere  the  urders  are 
nir^rr*  general  and  where  more  is  left  to  his  diwretion  and  judgnieJit. 

■  If  to  faithfulness  and  energ>*  he  adds  good  judgmentj  and  to  good 
^■ndfinent  taet,  and  the  t>ower  of  managhig  and  etintrolhng  men,  he  may 
^Pm  »^un^!  that  Jjefore  very  long  lie  will  have  gjiined  the  first  retiui- 
^ptt^< — nmtcrial  succe^. 

He  will  prt.ilia!>ly  find  that  slmju  iin  op|>ort unity  wil!  offer  to  carr\^ 
,  out  ?«.»m€  work  which  will  en.sure  him  a  measum  of  reputation. 

Finally^  \m  early  strjentifie  training  having  taught  him  to  o!jserve 
ffaets  and  draw  de<luetions  tluTefrom,  he  will  prolmblvj  !^>oner  or  later, 
Iniake  some  ofjntribution  to  sciem.^.  Even  if  not  a  writer,  he  will  fur- 
In  Uli  jsrmie  of  the  material  of  which  book.s  are  mujile. 

We  have  thui?  briefly  traced  the  career  of  a  successful  engineer  in 

Jie  pres^ent  eonditlon  of  the  profession^  or  rather  in  the  immediate  |m«?t. 

Bfit  it  will  l)e  ,Siiid :    **  The  ranks  are  already  too  crowded.     Mon* 

|ti)d  niort*  men  are  coming  in  every  day.   Although  we  admit  tlie  truth 

>f  Wetiefter*^  saying,  *  tlierc  is  always  n>om  at  tlie  top/  yet,  what  shall 

do  who  are  men  of  only  moderate  abilities  ?     We  do  not  ask  nor 

Ixpeet  the  great  prizt^  of  the  profession,  but  we  mnnot  lielp  tliinking 

'  til  Ajuerica  engineers  are  less  esteemed  and  les;?  paid  than  in  any 

cjvilizefl  country  of  the  world.     Will  we  be  better  or  wor«e  off 

}m  tlie  future  ?     Are  we  going  up  grade  or  down  ?  '^ 

Tlitaie  are  very^  j>ertinent  tjuestions^  and  a  true  answer  would  he  of 
^  the  higJies^it  interci^t.  I  will  endeavor  to  give  you  my  views,  ah^nys 
H  U-aring  In  mi  ml  the  mrxfet  epitaph  of  the  old  surveyor,  "  his  hind- 
Hsight  was  lietter  than  hb  fore-siglit," 

i  It  has  ljet*n  previously  stat4it!  that  on  the  breadth  and  incluslveuea^ 
of  tJie  class!  ti  eat  ion  of  engineers  dejK^nds  the  solution  of  the  ]>roblem 
of  their  future  suecet?^. 

If  we  bear  in  mind  that  while  an  engineer  is,  unfortunately,  oot 
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always  a  scientific  constructor,  yet  a  scientific  constructor  mu8i  be  an 
engineer,  we  shall  see  how  numerous  are  the  paths  open  to  us  to  follow 
and  how  soon  the  crowd  will  be  relieved. 

Let  us  see  how  the  number  of  these  paths  has  increased  during  the 
last  half  century. 

Before  the  year  1828,  an  engineer  meant  a  man  who  knew  how  to 
make  canals  and  water-works. 

But  when  George  Stephenson  created  the  modem  railway,  au 
engineer  soon  came  to  meiin  a  man  who  could  build  railroads.  The 
construction  of  tlvc  85,000  miles  of  railroads  in  the  Uniteii  States,  costing 
over  4,500,000,000  of  dollars,  has  naturally  given  employment  to  the 
largest  numl)er  of  engineers.  After  these  roads  w^ere  opened  for  use, 
they  still  continued  to  employ  many  engineers  in  taking  care  of  them 
and  of  operating  them. 

Within  the  last  dozen  ycai-s,  the  substitution  of  iron  for  wood,  firet 
in  railway  bridges  *and  viaducts,  and  afterwards  in  structures  of  all 
kinds,  ha»s  developed  another  class  of  si)ecial  engineers,  who,  being  of 
a  pushing  and  energetic  disi)Osition,  have,  i)erhai>s,  monopolized  rather 
more  than  their  share  of  public  attention. 

The  development  of  our  minenil  wealth,  in  which  it  is  estimated 
that  over  400,000,000  of  dollars  have  been  invested  during  the  last 
thirty  yeai's,  may  be  seen  reflected  in  the  list  of  the  Society  of  Mining 
Engineers,  whidi  numbers  7.'U  members. 

Then  we  have  the  engineers  of  the  water- works,  drainage,  sewer- 
jige  and  of  the  streets  and  structures  of  our  large  cities.  The  city  of 
Boston  is  now  expending  some  5,000,000  of  dollars  in  its  improved 
sewerage,  surpassing,  in  some  respec*ts,  even  the  gigantic?  w^orks  of 
liondon  itself. 

Mr.  C-hesbrough,  city  engineer  of  (.'liicago,  was  once  introduced  to 
one  of  the  European  engineering  s(xjieties  jvs  that  daring  engineer  who 
had  raiseil  a  city  of  300,000  jHiople  ten  feet  up  in  the  air  alx)ve  its 
original  position. 

Allied  to  the  preceding  elas^  we  have  the  sanitary  engineers,  s{)ecial- 
ists,  whose  duty  it  is  to  apply  scientific  princii)les  to  the  c?onstru(*tion  of 
<Mir  dwellings,  too  long  left  in  the  hands  of  ignorant  plumbers  and 
builders. 

Then  we  have  the  honorable  Ixxly  of  architects,  who  all  ought  to  be 
engineers,  /.  c\  scientific  constructors ;  for,  if  they  are  not,  so  much  the- 
worse  are  their  buildings. 
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The  p'n.'at  gtis?  tHunpanit'^  now  ali)ir>8t  a  I  way, ^  tMiijilMV  lueri  of  Mcnen- 

tific  atainnuetiti^  as  their  ttigirn.'ei^,  the  ii^sult  i4'  wlmse  lalM>r>i  may  l>e 

>«*ii  mtlier  in  tiie  increase  of  dividentls  tlian  in  the  lower  price  of  ga.^- 

But  another  stJiool  *.»f  H]K'efalii?b^  \^  tionnng  on  \vlif»!^e  labors?  will 

*rreet  all  this— the  electric  engineers,  whosie  skt)!  has  alreiwly  eiiableil 

t-»  light  our  workshops  more  briliiantly  and  at  lesi^  cost  than  thega.^ 

'^'iT^itienn^i  Imve  lx*en  able  U\  do  it, 

I  The  futurt*  of  electric  enginetu-ing  inelades  not  only  the  vast  fteldjsof 
feleetrie  lighting  and  of  the  telegmph,  but  all  ineati^  of  tniiK^niitting 
ligiiak  and,  |»erhaps^  of  jMiwer. 
Another  elsy^  of  specialist??  ha^  an  cnortnoiLs  futnrt*  before  it  in  this 
roantr^' — I  mean  agrieiiltiiral  enginec^i^,  who,  m^  a  scjiarate  bixly,  have 
t'xbted  for  sr>nie  years  in  England.  Wlien  ouc  considers  the  great  savings 
that  arei5i|mbh-  i^(  \m  tig  made  1  >y  the  appUeati^  m  of  correct  scientific  prin- 
inple?^  and  pnictice  to  farming  (HK^ntt inns,  wlueh  arc  ni»wdoneso  lofKsely 
ind  by  rule  of  thiunb,  who  will  not  saf  that  here  is  not  a  great  open- 
ling  for  enginet^rs  in  the  near  fututx*? 

Then  there  is  a  cIilss  of  engineers  whose  services  are  more  and  more 
\h\  demand  every  yt^r^ — I  mean  tlie  engineer  emploveil  by  large  ccai- 
[tracti^rs.      Sotue   of    the   ablest     men    in     Engltmd    are   iiontrai^torB" 
et^neers, 

YtMl  will  ob^rve  that  for  a  man  to  i^uccee+l  in  any  iff  these  newer 

rbess  of  our  profe*ssion  he  must  Ik?  much   more  than  a  mere  sur- 

■^r  or  designer  and  niejisui'cr  f)f  niasonr}*  and  earth xsorks.  He  must 

I  be,  first  11  nd  fon*fnrist,  a  nnxihanical  engineer,  as  it  is  termed*  He  must 

I  understand  clynamic*i*as  well  a^  statics,  aud  must  l)e  piiu^tieiilly  fauiiliar 

rUh  the  i^onstnietion  of  machinery  and  macliine  tools. 

Iti  Europe  nu  man  t"an  attain  eminence  as  a  civil  engineer  who  is 

lnoiwell  %'er«ed  in  the  meehaniml  part  of  hLs  profession.     Hi*nce,  wc 

$m\  them  if>nstajitly  cidk^tl  ujjon  to  design,  cotistrtict  and  report  uiK*n 

pttfier  mil  1b,  c*jtton    fac^torics,  sugar  machiner}^^  iron  and  steel  wtvrks 

And  such  things,  which  iu  tliii^  c^mntry  are  entriieted  to  manufaeturers 

rather  than  to  engineers* 

1  ilo  not  mean  to  say  that  this  country  i^  Ijcliind  others  in  mecliani- 
;    namen  of    FritK  and    Griflfen,  of  ^Sellers   and 


eiign 


mg- 


m. 


Holly,  forbid   that ;  but  I  do  mean  to  say  that  if  Anieriiim  euguieL* 
f!^  a  cla***,  were  better  verseil  in  the  met*lianical  [)art  of  their  profession, 
thev  Would  not  see  tlieniselves  laid  on  the  shelf  bv  the  i-apiudist*^  whi> 


thrtjw  awav  their  tnouev  on  Keelev  motors. 
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It  wm  on^of  the  traditions  of  the  elder  school  of  engineers  thA 
they  should  cErefully  atetaio  from  taking  part  iu  matters  of  basines^. 
Arehito^ts  and  oivil  engineers  wei^*  formerly  either  government  offidal^ 
*>r,  i\s  |>mfessioiinI  nien,  tliey  held  the  siiiiie  fioeial  [jositionj  wlneh  they 
fmnid  would  l>e  lowered  if  they  became  busin^g  men,  skillet!  in  priets 
ami  ?<liarp  at  ii  Uirgiiin.  This  was  merely  a  i^urvival  of  the  old  feding 
of  contempt  which  the  governing  classy — ^the  men  of  the  swonl — fe 
for  the  men  of  affairs. 

The  effeet>>  of  this  niischie\^oiis  truditfon  hai?  descended  to  our  own 
tlay,  ivitli  unhappy  restiltf^  to  the  j>roft^^ion.  I  need  Rmreely  tell  you 
that  an  engineer  is  finly  lialf  fitttnl  for  his  work  unless  he  is  able  to 
hire  men  and  buy  material  and  execute  hi.«i  own  designs,  if  oecat^ion 
wills  for  it.  It  may  seldom  bt^  net^'snary  for  him  to  do  it,  but  the 
ability  of  bo  ihnug  makes  him  a  bett^iT  judge  of  the  value  of  a  von- 
tmetor's  work,  and  a  far  nafer  estimator  of  the  probable  amt  of  public 
works, 

Enrojx3an  enginec^ri?  profess  to  Ije  able  to  do  this,  and  this  is  one  rea- 
si«i  why  they  c*>mmand  their  five  jM^r  cent,  commission  on  tlic  cost  of 
their  works,  and  attaiii  wc^dtli  and  pr>siti<m,  while,  in  this  cuuntir, 
enginec^rs  are  too  often  [mid  tlie  salaries  oi'  se<*oud*rat€  clerks. 

It  has  sometimes  ha|jpen<^d  that,  in  lookirig  for  the  engineer  of  some 
railn^ad,  I  liave  Ijeen  di^gustetl  to  discover  him  at  hist  hidden  awtiy  in 
a  dnsty  oftitT  on  the  npiKT  story  of  a  buihling,  ignorcil  by  almost 
every  1m kIv  ;  while  the  ticket  agcnt>^,  antl  the  fast-freight  ageiUs,  and 
the  tjalace-ear  agents^  and  all  their  tribe^,  sit  down-stairs  in  splendic^^ 
aimrttuents,  drawing  large  salaries  and  eommiseioa^,  antl  evident l/^ 
|>eoplc  nf  the  highest  consiibmtion,  Thi;^  m  be<?ause  they  are  iiist-c^Luss 
business  men^  while  the  pxir  engineer  is  not.  ^H 

Let  tfie  engineers  of  the  future,  if  they  wish  to  pn»s|K*r,  le^irti  to  l>e 
men  of  bitsiness  and  control  the  che<pie-l>ook  and  the  ledger.  M*e 
.«hall  then  hear  less  of  public  works  frightfully  overrunning  the  origi- 
nal estiuuite  oi*  tnist,  aiul  the  whole  profession  will  staufl  higher  iu 
public  estimation.  Pardon  me  if  1  say  that  I  feel  sure  that  \\*hatm*er 
reputation  I  myself  have  is  due  to  the  fact  that  the  pidjlif*  iecl  it)nti- 
dcnt  that  I  can  an<l  will  execute  my  own  designs  witliin  my  e^^tlmate^jH 
liotli  f>f  cost  and  time*  ^^ 

From  what  lias  l>een  said  you  will  see  that  my  vie\i*s  of  the  future 
prosj)ccts  of  engineering  in  America  are  not  gloomy,  ^H 

The  truth  is,  that  it  is  by  engineers,  whether  called  by  that  name  or 
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Inof,  timt  Amerku  has  bc^pn  iiitule  what  she  i^  tfwlay.  The  Fiiltrui^,  tlio 
Mt)r!;it5«,  the  Erii^^jjis,  Uie  Howe^,  the  MeC'onnaeki?  and  tJie  Mboiis  ^uv 
eiigiiiofcr^,  ahJiOii*,^h  tJieir  imnie?^  ixiav  never  have  h&i'i\  enruUed  %m  rhe 
lists  4.if  It^iinieil  [swietk^ ;  while  amung  iUimt  wh\y^-  iiame^  are  to  ht 
found  oil  i4uch  Usto,  who  is  there  in  any  e<nintry  sxlm  ranks  abov*^ 
Jervia^  Latrobe  and  Eads? 

Foll<m'j  tlierefore,  in  their  twrstejis.    The  fiekl  is  vast,  ti>r  it  t^jvers 

ftiie  whok*  area  of  Bnentilic  ron^^triu^tion,  while  the  lalM>rei%  are  even 

fi*t  but  few.     From   the  brilliancy  of  the   yi^<i  we  niay  pi'edit't  the 

[pniitf^r  irh*rk^  of  the  future.  Some  of  as  who  are  pa^^ing  uW  the  staige 

may  nut    live  t^j  r?ee  theiu^  bat  there  are  yuuiig  men  in  thin  ruum  who 

Itnttv  *me  day  behold  greater  trium[)lis  of  engineering  than  the  world 

\va^  vet  m^*x%. 


XI* 


THE  NEW  RIVER  COAL  FIELD,  WEST  VIRGINIA, 
AiJiiXG  THE  Line  of  the  Ciiesapkake  axi>  Ohio  R/R. 

By  ( 'H  AS.  A.  VorN^G,  Cel>k^^lwt,  Mernl>er  of  the  Club* 

The  Nt?w  Riverj  rising  in  the  northern  jmrt  of  North  t^arolina,  and 

[fl«»wing  in  a  c-onr^  north  by  a  few  degrees  west  tlinnigfi  X'iri^inia  and 

[Wesit   Virginia,  rectnve^    in    Fayette  njunty,  iii   the  latter  State,  the 

fCiauIin-  River,  and  then,  nnder  the  name   Kanawlia,  flows  northwe&t, 

emptying  into  the  Ohio  River  op|>«:»}^ite  (itdlipuli:;5»  Ohio,    , 

In  Virginia  the  river  fifus?^a^;  tlin'^ngh  tlie  snb-earbc»niferous  nxd  field 
Jtif  M^»nfgonjery  <Mainty,  w^iuvR-nted  In  Pennsylvaiiia  by  ihe  small 
a^  in  Huntingtlon  eonntj*  descrHje<I  by  Mr,  Ash  burner,  though 
dirtering  greatly  from  them  in  [Kiint  nf  i^i^^e  ;  tor  while  the  Pejni^=yl- 
vauia  seants  iire  so  small  as  to  fw  a  matter  of  interest  t^i  th*'  ^ei:4ogist 
«ily,  the  l>ed^  in  Virginm  are  workable. 

P^nsing  down  tfie  river  we  enter,  in  Raleigh  eonoty,  We^t  Virginia, 
the  field  of  the  intra-eonglomerate  eoaU,  not  rejires^^ntal  at  all  in  Penn- 
fiyU'anui^  yet  fomnng  in  the  region  under  (Maisitlemtion  a  tlei»o^it  of 
gn^t  ini|M>rtanc^,  whieh  is  nialcing  it^lf  felt  in  the  eoid  and  the  iron 
set  of  the  eonntry,  and  w^hieh  is  ilentinfxl  to  play  a  jstill  more 
Mirtanf  |>arr  in  rlie  meiallurgi<'al  devehjjunent  of  the  South  and  We^t, 
It  L*f  to  this  txm\  fiehl  that  I  wi^h  to  call  the  attention  of  the  Club. 
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Prof.  Fontaine  has  called  these  beds  the  "  New  River  Series" ;  but, 
as  that  name  had  been  given  several  years  ago  by  Prof.  Lesley  to  the 
previously  mentioned  beds  in  Montgomery  county,  Va.,  the  latter  gen- 
tleman has  given  the  name  of  "  Kanawha  Series"  to  the  intra-ooiiglo- 
memte  coals.  No  confasion  can  arise  from  the  use  of  this  title^ 
for  this  c<>al  field  really  extends  to  the  valley  of  the  Great  Kanawha, 
while  the  coals  shown  along  that  stream  lower  down  and  along  the 
greater  part  of  its  course,  are  those  so  well  developed  in  Pennsylvania 
along  the  Allegheny  and  the  Monongahela  River,  and  so  thoroughly 
described  in  the  reports  of  the  geological  surveys  of  our  State. 

The  Chesai>eake  and  Ohio  Railroad  enters  the  valley  of  the  New 
RivTr  at  Hintoh,  Greenbrier  county,  W.  Va.  The  river  flows  through 
a  caRon  rather  than  a  valley,  the  bottom  land,  boniering  on  the  stream^ 
being  in  many  places  only  fifty  or  a  hundred  feet  in  width  on  each 
side,  and  rarely  as  much  as  a  quarter  of  a  mile,  w^hile  the  sides  of  the 
gorge  rise  precipitously  to  the  height  of  800  or  1000  feet.  Whien 
these  steep  slopes  are  climl>ed,  a  rolling  country  cut  by  numerous 
streiuns  is  reached.  These  streams  do  not  have  a  rapid  fall  until  thejr 
approach  very  neiir  to  the  river.  To  the  observer  stationed  a  mile  or 
two  back  from  the  caiion,  there  is  nothing  to  suggest  that  the  main 
stream  of  the  region  lies  a  thousand  feet  IkjIow  him.  In  many  plaon 
along  the  river  it  is  possible  to  ascH3nd  to  the  uj)i)er  coundrj'  only  bjr 
means  of  the  natural  pjtsscs  affordcil  by  the  tributar}-  streams.  There 
are  stn^tcluns  of  si'vcral  milc^s  in  which  not  a  single  wagon  road  comes 
down  to  the  river. 

Some  notion  of  the  rugged  character  of  the  country  may  l)e  gath-* 
ere<l  from  the  fact  that  when,  about  four  ycai>>  ago,  the  traffic  sloDg 
the  niilroad  was  interrupted  by  numerous  landslides,  the  settlement  at 
i^uinninKmt  Funuu^e,  containing  ])ctween  two  hundretl  and  three  hun- 
dre<l  j)ei'sons,  was  dependent  for  its  supplier  upon  trains  of  pack  mules, 
there  being  no  wagon  road  over  which  gixnls  could  be  hauled. 

From  Ilinton  to  Kanawha  Falls,  a  distance  of  sixty  miles  (a  few 
miles  below  the  confluence  of  the  New  and  the  Gauley,  forming  the 
Kanawha),  the  river  flows  through  the  measures  of  the  Pottsville  Con- 
glomenite  (XII,  Send  Conglomerate  of  Rogers).  This  formation  is 
here  made  up  of  several  plates  of  mjissive  sandstone,  not  often  oon- 
glonieritic,  and  strata  of  shales  and  shites,  in  which  the  coal  Ixxls  are 
found. 

The  stnita  <»f  mstssive  sandstone  form   lines  of  bold  clifls  along  the 
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At  Quiauimont  the  existence  of  an  imticlhml  is  plainly  sshown  by 
the  deep  ftUting  of  the  river  into  the  ]VIiviK4i  Chunk  Shale^i  (XI,  Urn- 
bral  Reel  Shali^  of  liogert^).  At  this  point  tlie  conglonicmte  i.s  Ijc-twecii 
tive  hmidretl  and  six  hundretl  feet  above  the  river*  A  short  distance 
beyond  (^lunniinont  the  gray  c^loireoiuf*  sliale^j  imlled  "  Tranjsition 
Series"  by  Prof.  Font^iine,  and  re|)i^e8enting  the  ftiibearlx.iniferoiL'4  nr 
moiuitain  1  iniesto lie  of  i^nnli western  l\*nni?iylvaniaj  are  shown  ver\'dih- 
tinotlyj  the  line  lx*twe€;n  them  and  the  red  shale  below  and  the  «M»n^loin* 
emte  abtive  beinir  xery  elt*arly  defint^tl 

Fonr  workable  beils  of  etwil  outiTOp  along  the  sides  of  the  gi*rge  of 
the  river.  The  iseetioiii^,  page  127,  made  opposite  Dinunuck's  Siding 
and  Sewell  Stat  it  m  {Bowyer*.s  Ferry),  show  the  plnee  of  the  (^lal  bi^U 
in  tlie  niea^jurt'si.  The  }>oint.s  at  which  tiie  Hei^tionH  were  rnmle  aiX"  tivt^ 
rnileh^  apart,  Sewell  being  l)elow  (northwest  of)  Dininioek.  Tlie  ver- 
tieal  di^tanees  w«*ne  measured  by  means  of  an  aneroid  barometer;  and 
no  nfx-onnt  is  taken  i>f  the  inflitenee  of  the  dip,  liere  very  i^entle,  in 
dir(:iC'tion  north  HO  deg^ree-s  we-^t. 

The  ooal  i^  bright  and  elean^  et>ntainiiig  verj'  Httle  slate  or  .-^tilphtir 
(pyrite).     It  ii^  mi\,  and  t^n  Vie  en^sily  nnne'd  witliout  bla!*ting, 

Coking  m  earriwl  on  at  .sevend  points  along  the  river. 

The  liee-hive  pattern  of  oven  is  nsed  excliwively.  The  ovens  of  one 
firm  have  a  Hue  aronnd  the  in-wull,  thus  idlmvin^  an  even  Mip|dy 
of  air,  and  one  nuich  lietter  regulated  than  by  tlie  oiNJinary  way 
admitting  the  draft  at  the  door* 

Owing  t(j  the  purity  oi*  the  eoal,  u*3tshing  \h  nut  iiet^ehsiar)' ;  and  the 
oven  reeeiv^^  the  pHxhict  of  the  mine  dircc^t  from  the  i-ars. 

The  coke  is  Imght,  firm  and  coherent,  and  eloeely  reFenible?^  the.eele- 
l)ratt»il  pro*! net  of  the  Connelksnlle  I'egion.  There  are  only  four  coke 
work?4  in  tlie  I'egioii— (iuinnimrmt,  Fire  Cri^'k,  Sewell  and  Xutallbnrg* 
The  e^>ke  made  at  (iuinniaiont  is  used  iti  the  furnac*e  at  tliar  jdaee. 
That  made  at  Sewell  k  shipjied  to  t\%  furmioe  of  the  Longtlale  Coal 
Alleirhenv  (x>untv,  Yii.     Th<'  ix\«t  of 


anu    inm   Uompany,  m  AliegJ 

duet  tiiids  it8  market  in  the  Oliio  Vallev. 
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The  following  analyt^ij?  ot'  the  eoal  wa.s  made  by  Prof-  Uii*kett§^ 


Sc4uM>l  of  Mines  J  New  York 

Mtii^ture, 
Volatile  matter, 


r  ixe( 

Ash 

Snip) 


I  i'arbi 


Kir, 
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%'>fit) 


loO'Oai 
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9506.25  lbs. 

!2"38  ijer  eent- 
30  lbs. 


TTie  ^-cinten  analyjEed  was  from  the  Fire  Creek  mint\  An  exami- 
11*1100  of  tb©  "  mil  of  the  mine,"  b&  loaded  on  the  cars  for  ahipment^ 
*}im^  i\w  freedom  of  tlie  foal  from  those  i  in  purities  which  ean  my  ofWii 
fir^letreted  by  the  eye. 
The  ooal  18  i^hipped  to  tide-water  at  Richmond  for  a  steam  fuel 
Mr,  J,  JI.  MiFarland,  Miister  *if  Maihiiiery^  C.  &  (),  E.R.,  made 
iwi  rxami nation  of  the  steam-rai'^ing  power  of  the  cH:>al  from  the  H;uiie 
mm  with  the  foUovving  r^^ult^ : 
Dti ration  of  trial, 
H'ater  e\^|x>rated, 
Temi^eniturv  of  f€?ed  water^ 
Fael  a>n!?imie<l, 
PtrcTentage  of  ii^h, 

t^oantity  of  water  evaporated  per  |>oiind  of  coal, 
Siesim  pn^iirts         .  . 

A^  the  f^ial  lies  high  in  the  liilb^  long  and  often  steep  inelined 
pbne^  art  usixl  to  bring  it  to  mihoad  grade.  ThiR  of  eonise  inrreiuses 
tht*  ex|K*nj^*  iif  nj wiling  a  miiie;  but  jis  the  numeriHi^i  niviaet^  ot!er  an 
H|ffif>rt«nity  to  attaek  the  rtujil  in  almost  any  {lirc'ctioii,  a  s<4f-dmuiiug 
I  minr  ncti?  sw?  an  nifset  to  the  elevated  [wsition.  Lower  down  the  river^ 
[dip  i>f  the  mea^ireji  briiigisi  the  cojlI  to  a  more  convenient  distance 

I  he  river. 
The  iron  ore  shown  in  the  BowyeJr*8  Ferry  section  has  not  been 
^io|jied  lieyomi  a  .flight  picking  into  the  outcrop  at  fine  piunt.  The 
t>p  wa«^  stripped  until  a  crunj^ict  bed  of  hmipy  bn»\m  hematite^ 
Ifmir  feet  thiek^  was  expo«3e«L  The  defxjsit  was  tlien  too  hard  and 
I n »cu|^ifu*t  for  the  pickaxes  of  the  prospt^'tors^  and  work  wti?^  abandoned. 
I  The  l>ed  is^  pnitjably  the  lumpy  blue  ctirbonate,  weathcretl  to  a  hema- 
ItHe  uti  the  outcrop.  In  the  l>imni{x^k*s  Siding  section  the  ore  was  not 
Ifififln  wm  a  bed ;  but  a  ferruginous  shale,  thickly  covering  the  groimd 
IwTth  **niall  piece;^  of  ore,  rK»<uipi(?d  the  flame  horixon*  This  shale  is  a 
[rtnmgly  niarke<l  fetiture  in  this  |M*int  of  the  measures* 

The  massive  sandstone  can  l>e  quarrietl  at  any  potnt^  and  furnishes 
|l4>  tl  ■  M>er  an  unlimittd  snpf>Iy  i»f  material  fi>r  first-cla^  masonry-. 

1  'A  all  kin(b,  exi-ept  piiie,  abounds. 

The  only  outlet  to  this  region  is  the  Che^peidce  antl  Ohio  liailroad ; 
I  but  pngtHts  are  afcMJt  which  will  still  fnitber  ojK^n  this  coal  field  to  the 
1  ^rtttwde  workb 

South  and  west  of  this  district  lies  a  vast  country  almost  a  term 
hmttptUn  tu  the  engim^r,  yet  oidy  hiding  its  time,  to  otter  to  him  an 
in  if  -xti-uclhig  iield. 
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SOME  FEATURES  OF  ANCIENT  ENGINEERING. 

By  Oeorok  BiTHS'HAM,  JB.,  C,  E.,  Member  «f  thi'  Cluk 
Brad  Frbttmr^  l^fh,  1879. 

Mikieni  resieareh  aiiiong  tho  ruirLs  of  antiquity  is  st-uaclily  rc'lej^ting 
t€  tlie  old  fivili/iitirnr  iiiaiiy  things  that  we  formerly  thought  Ijelon^iJ 
only  to  modern  times.  Almost  all  tJie  maierks  of  our  present  civili- 
zation originated  among  tlie  ancients,  the  peculiar  distinction  of  mod* 
em  time*!  U^iug  the  wider  and  luore  nipid  d illusion  of  our  inheritanoe 
irotu  the  past  and  the  working  it  over  into  new  forma.  The  varioui^ 
textile  iahrics  of  cotton,  lineii^  t?ilk  and  wool  that  we  now  uh*-,  for 
example,  were  jierfectly  well  known  Ui  tlie  Eg^^ptians  of  4WX)  yearj* 
ago  J  but  the  cotton  gin,  the  ]K>wer  loom  and  the  steam  engine  have 
increa^Si^  their  fonn??  and  variety^  and  put  them  into  the  hands  of  every 
one.  We  find  tlie  Siuue  thing  true  of  engineering  science.  Canals, 
artificial  harbor?^,  Btone  bridges,  aquetiuctj^,  drairiiige  i^ystemsj  high  ela&j 
r«:)fidi^,  involviug  enttijig^^  enibanknieJit'^  and  tunueli^,  and  i^tone^  bril|^H 
and  wrwuleii  Iniilding  cHjii^tr action  of  all  varieties  existed  then  ajs  noil^^ 
l)ut  the  mcKlerii  engineering  nietlKxls  difter  widely  from  tho«^*  employ wJ 
by  tlie  aucientB.  The  ancient  harbor  of  Ostia,  a  magniiieent  work, 
prt>tected  from  the  sK.m  triremes  and  eraft  well  adapt^^d  only  for  navi- 
gation in  the  Meditermnean,  while  the  stone  docks  of  Liverpfjol  hiq^ 
Ix^r  the  (X)ean  steamer  and  the  enormous  iron  clad  man-of-war, 
*4ub^tra<*ture  of  tlie  modern  milri>ad  is  very  much  the  same  as  the 
Roman  iniltt^iry  road,  Intt  in  our  hands  its  acope  and  efficiemy  liave 
l>eeo  \'astly  increitsed.  A  recent  engini^ring  achievement,  tlie  tran^ 
port  of  an  Egyptian  obelisk  fr<.>m  Alexandria  to  London,  and  its  erec-  H 
tion  on  the  TImmes  emlmnknientj  illiistmtes  very  well,  I  think,  our 
indebted neas  to  antiquity,  and  not  Itss  our  iirogress.  That  we  s^huuld, 
in  thi&  nineteenth  century,  rensrect,  with  pomp  and  ceremony,  a  monu- 
ment set  up  in  Egypt  ages  ago,  is  the  strongest  kind  of  a  eompli- 
merit  to  the  ancient**.  It  may  well  l>e  doubtetl  whether  our  successors 
of  twenty-five  centuries  hence  wilt  think  any  of  our  efforte  of  this 
kind  wortli  (tarrying  4^>()D  miles  and  re-eretiing.  Of  the  matiner  in 
ivliich  it  was  a4*complishe<l — the  iron  caisson-like  boat,  so  admirabJ 
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tleHi^ti€!d ;  the  ease  witJi  which  it  was  swiin^  on  it.*^  iron  tntunioDs  and 
j  I  larked  on  ite  peile^tal — we  niav  justly  feel  proud ;  still  the  fact  remaine^ 
that  the  fait  acmmpH^  the  end  reai^hefl,  wa^  the  same  ^  that  of  its- 
cirigituil  dL»!?i^Mer.  Huw  tlie  Egyiitiaiis  niised  their  obelLsks  we  do  not 
V<*1  know,  iHfyoiid  the  fiuit  that  they  were  familiar  with  the  simple 
nuichjoes^  the  iiieline^l  plane,  et<^ ;  understood  the  nse  of  cordii^^e,  and 
lijul  riimmand  of  unlimited  manual  lalxn*  in  the  shape  of  captive*^ 
tiikt.'ii  in  war. 

We  should  naturally  expect  to  find  the  etmstruetive  uses  of  the  siiu- 
(iler  Imilding  materials,  j^tone,  hnek  and  wfjoth  highly  developed 
niuonir  the  imcients^,  and  thii>  we  find  to  \w  the  csLSe,  In  tiiis  direction 
I  *«hall  oonjsjder,  first,  the  HtructureB  found  in  Western  Asia, 

Tlie  i^irliest  eivilis^aton  in  this  region  (>f  whieli  we  ha^'e  any  n'Cfinls- 
wa*;  the  Chaldean,  and  \\\\^  cc^ntral  in  tlie  losver  jiart  *jf  the  Tigris- 
Euphrates  valley*  This  region  it?  alluvial  in  character,  with  no  stone* 
but  ahundaiiw.  of  elay,  and  wa?5  subject  to  trnpient  inundation.  TIu^ 
huildiug  material,  c<aisef|Uently,  wa?^  mainly  briek,  and  the  injjwrtant 
stnietun:*^  were  built  on  |jlatfftrnLs  nii^seil  above  the  general  level  of  the 
plain.  The  temple  at  Mughier  wils  built  with  pandlel  sides  of  98 
liset  and  l*ii  feet  in  lengthy  and  alxait  40  feet  high.  The  material 
used  wai5  i^mall  sun-drietl  brick^  laid  in  bitumen^  faced  with  kilnniried 
brick.  The  bricks  of  the  up|7er  story  i*x*re  laid  in  a  t^nient  of  Umc 
and  Jii?hi-'*?,  llie  l>r[r*k.s  \ised  in  this  and  similat  stnietnres  were  &tani|itHl 
witli  the  name  of  the  king.  In  the  uppermost  stor\'  glazed  tiU^  and 
i^^ipper  nails  Iiave  been  di&ecivered*  The  temple  of*  Abu  Shahrein  {thase^ 
of  conrnc,  are  motlern  names)  rt'sts  on  a  jjlatform  of  betiten  elay,  t^swi 
with  a  maifeive  wall  of  sandstone  and  limesUine,  20  feet  thick  in  places- 
From  the  platform  to  the  summit  of  tlie  fir^t  story  extends  a  marble 
stainu'?*-,  eonijMjKedof  ijimall  ixdinhetl  blocL^,  22  in,  X  13  in*  X  4i  in., 
ftt^tened  by  copper  bolte  to  the  l>ed  of  i^un-tlried  bricks,  on  which  the 
hlaiiTs^ise  retite. 

Of  t}ie^  edifiees  Eawlinsiai  says:  "No  buildings  in  the  world,  ntit 
even  the  Pymiuids,  are  more  defieient  in  ext^'rnal  f^rnanient.  Tlie 
bnttresi*^'6  and  air-holt's^  tfiat  alone  break  the  nuiformity  of  the  walls, 
are  intende<l  for  utility*  only.*^  A  brick  burial  vault  at  Mugheir  is 
ititeresjting,  as  exhibiting  what  we  may  call  a  nidimeritary  arcti.  The 
vault  is  of  suu-drieil  brick,  laid  in  mud,  7  feet  longj  3'  T"  wide^ 
aiul  h  feet  high.     The  Bides  sio|)e  gently  oiitwartk  as  they  ascend  until 
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tk  sjiriiiging  Hue  m  i*^ichetl,  when  the  MUccesBive  layers  of  brick  are 
jiu?lie<l  ti»wanli^  vm^h  other  luitil  they  meet,* 

Ttu'  Chiild<?an  asceodeiiey  in  the  East  lasted  from  alxvat  2200  to 

15<XI  B*  C'M  after  which  time  the  Assyrians  became  raagtens  of  the  sitn- 

ipii,  n^ittiuning  sfi  imtil  al.)out  650  B.  C.     Tlie  centn^  of  a^tivitj'  jmw 

muKin]  tu  the  uppt^r  portiou  of  the  Tign3-Euphrate.s  valley.    At 

XitH;veh,acconling  to  Diodonis,  the  wall  BummmUng  the  citj' wa;?  lOU 

;  high,  a  11(1  so  hntad  that  three  chariots  mij^lit  drtve  around  side  Ijy 

Xeiio[»huii,  H'ho  passed  elo^e  by  on  \m  famoiig  retreat  with  the 

tell  riioir^nd,  |mts  the  height  at   150  feet  and  the  width  at  50  leet, 

Theattaal  g^reattsst  height  uf  the  ruins  at  present  is  4(i  feet,  and^  from 

llw  mmeni^}  maj^--  ui'  debris,  the  eoini^UDation  of  Diodonis  is  proljably 

imi  kr  fntm  the  trutl\.     Tlie  width  of  the  erunibled  sxmm  is  th)m  100 

y  M)  feet.     The  eonstruetion  seems  to  have  been  as  follows :   up  to 

artrtain  height  (50  feet,  accoixling  to  Xenoi)hon)  the  walk  were  ooni- 

jKjQKil  of  ij^tly  hewn  blo^.-b*  of  tlfcssilifi^runs  I  imt^tone,  smoothed  and 

bed  on  tlie  outside.  Ahtrve  this  tJie  material  wm  sun-dried  brickft- 

'Tk  gmnd   hall^  of  the  Assyrian  palaces  constituted  their  jirineijiat 

featofe.     In  the  palace  of  Esarlmddon,  the  mn  of  Hennacheril),  the 

[  Ml  wm  intended  to  surpass  all  its  predec^essfjrs.     Its  length  was  to  be 

165  feet,  ltd  breadth   62  feet,  making  an  area  of  over  10^000  square 

,  feet*     The  buihier  appears  to  have  been  unable  ti^  roof  the  hali,  and 

[  was  iibHgal  to  divide  it  by  a  wall  down  the  middle,  whieh,  though  he 

broke  it  in   an  unasual  way,  and  kept  it  some  distance  from  the  ends 

Mtf  the  iipartnient,  still  had  the  aetual  effect  of  subdividing  the  room, 

[The  mcth<^  of  roi»fing  the,"^*  pidaees  is  not  certainly  kuown ;  .some 

|iii\*estigatora  holding  that  brick  vaulting  was  usedj  while  others  think 

wooden  beams  were  employeth     Others,  again,  imagine  that  the 

aon^  near  the  walk,  oidy,  were  covered^  living  the  centre  opeu  lor 

light  and  air. 

The  mas^jury  at  Khorsabad  was  of  three  kinds :  That  of  the  palac^e 
[mound^  forming  a  j>ortion  of  the  outer  defence,  ^Ym  composed  entirely 
[>f  striERv  square  hewn,  of  great  sizej  laid  dry  and  backed  with  brick. 
Figs,  2  and  S  show  an  elevation  and  horizontal  section  of  this  wall* 
Tlie  bond  is  made  up  of  stretchers,  alternating  ^v^ith  double  heatlers ; 
tike  re-iti  forced  corner  and  the  bonding  of  the  stone  into  the  brick  back- 
I  iug  are  ]Kiints  worthy  of  notice*  The  stones  measure  from  *two  to 
three  yards  in  length,  three  feet  in  width,  aud  five  U)  six  feet  in  height 

*  Cbmptirf!  Figs*,  S.  9,  KK  reprewoling  eariy  Greek  foiiatniction* 
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The  r^t  of  the  defeiRi'!?;  ^ere  of  inferior  ilmrm^t<*r.  The  tiiatenal 
wri'^  -'^tone,  but  not  ,w  oLirofully  hcvni.  The  thinl  kimi,  iUiistratal  in 
Fiy:.  4,  wa.'s  iouml  outsidu  the  main  wall.  Stone  only  wa^i  ii^ed,  tlie 
lowoM  oour^  being  rough  rubble  work ;  above  this  were  two  com 
of  riirefully  squared  stone.*^,  ahnut  orie  fijot  lon^  and  ^\x  inch^  wide: 
idatTtl  on  t'lidj  aye  being  taken  tu  breiik  joi  uts. 

Although  the  ancient  architectural  coustriiction  wm  mainly  tnil>ea[i' 
in   i{.s  nature,  the  ohl  notion   that  the  round  an*li  was  of  Roiiian  ami 
the  points!  arch  of  C.Tt^thic  origin  Inm  becm  dls:?i|jated  by  tlic  ^\m\t  tif 
tlie  Eastern  arch^ecjlogbt*     I  have  alrcsidy  t^poken  of  the  eleiueium 
arch  of  the  ChaUlciULs,  but  the  AR^syriau.^  u.setl  the  true  arch.     All  the 
Assyrian  arches  hitherto  nmuirthed  are  of  brick.     lionnd   airhcs? 
found  both  in  crude  and  kiln-tlrit^l  mat^Tial^  the ,h ricks  in  every 
having  the   |no]»er  wedgc-shapc  Hcetiou,  with   curved   cxtindos  a^ 
ititrado*?,     The^^  arclu^  are  alinr»«^t  wholly  ftMind  in  undergnaind  col 
structiou,  i-^  drains,  etc.,  the  gixiUest  span   hitherto  diseovercil  lii-i 
tiflteen  feet.     They  are  nitjgtly  semi-circular.     The  only  pointe«l  a 
found  by  Mr.  Ijayanl  is  in  a  drain  under  the  X.  W»  Palace  of  Nininn 
an<i   i&  very  jjccuhar   in   itK  cun^trnetiini.     The  bricks  n.sed  arc  ordi^ 
nary  re^'tiiiigular  hrick,  laid  as  in  Fig.  5,     The  arch  is  keyed  with 
layen^  of  brick  with  thcii'  l>e(ls  horizontal.     The  niortat*  joiut^i  arc, 
i'oui^ej  slightly  wcdge-shapctK 

The  faults  of  As)<yrian  eoustruetiivn  are  not  les^  interesting  than 
merits.  Altliougb  there  was  p]eut\'  of  f?tonc  at  hand,  they  usc<.l  sun- 
drie*l  brick,  merely  \\wi^\  with  stone,  because  they  had  k^rnctl  a  certain 
^tyle  in  the  al  hi  vial  Baby  km  ta,  and  having  binaight  it  with  tlicm  to  :j 
i^juntry  fiir  les,s  fitted  for  it,  tliey  nii^etl  in  eompanitivcly  hilly  Asgyriii 
the  tyj>e  of  building  that  was  the  natumi  outgrowth  of  the  flat,  stone- 
la^  plain  that  was  their  primiti\  e  abiHlc,  The  earthen  platforms  upon 
wliich  they  built  mast  Inevitably  liave  bulged  nntl  ^settletl  iMKHier  Oi^| 
later;  the  problem  of  the  i-etalning  wall  that  s^^tlll  troubles  the  engineer^ 
pnjved  fatal  to  nnuiy  an  Assyrian  tHUistructor. 

Hence,  while  the  massive  buildings  of  l%ypt  dtand  to-day,  thflH 
Aasyrian  ]mlace>!  arc  al  nicest  sliai>eleHsS  ruins*     That  the  Assyrian  king 
so  fre^piently  destro>LMl  the  juilat^e of  hi.s  prt^lec^worj  and  built  afr<.^h,  a^^j 
probably  due  to  the  rapitl  <leray  of  the  tKlifice  rather  than  a  mere  dei^ii|^| 
to  excel*his  forcrimucr*     'Jliat  tliey  found  no  diiBeulty  in  trmiBi>orting 
largt^  stones  is  evidence*  1  l>y  their  \n^  reliefs,     Fig»  5^  taken  fn>m  u 
luiji  relief  at  Koyunjik,  shows  a  ljo:it  loaileil  with  .such  tVi^ight  pro- 
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ceediog  down  a  river.     The  lower  part  of  tlie  craft  ia  niatle  of  inflated 
pkui^  to  which  are  la.*i^hed  logs  for  the  floorhig. 

Thi?  €tdot$dal   hunuin-hpiidtHl   bull.Si  of  .surh  frequent  ocvmTen<*e  in 

A**yrtan  art^  and  which  weighed  many  bonn,  were  plaeeil  on  the  top  of 

lartijli-ml  jilatfornLS,  from  thirty  in  eighty  feet  high*     From  the  fact 

that  they  fijiished  the  detuil  of  the  atatne  before  trani^port  shows  that 

ttbey  were  fierfe^tly  coniitlent  of  their  ability  to  nio\T  it  without  mk- 

Tbe  ba8  relieft  illiu^trate  in  the  mos^t  detailed  manner  the  way  in 

which  this  was  effected.     The  coIok^ils  was  placed  on  a  luige  w^-xiden 

i^lcd  and  wan  oi&ed  M'ith  a  network  of  s^pari^,  ertxssing  at  right  angle^^  ^ 

laHhf:^]  at  Uie  inton^ectioiis.     In  this  casing  the  figure  was  nirefully 

wei%ed  to  pre%^ent  any  motion.     Gny  rope8  were  attached  to  the  top  of 

tJic  eisiti^  and  were  held  taut  by  iiarticH  of  laborers  on  eitlier  side. 

Besides  these,  wooden  forks  or  pnjp^  were  applieil  lower  down,  also  held 

try  parties  of  men*  The  front  of  the  sledge  was  curved  upward,  to  enable 

it  to  nmi  easily  niK>u  tlie  wooden  rollers  continually  place<l  l>efore  it. 

The  motive  i^jwer  waw  applied  by  large  cables,  to  wldeh  gangs  of  men 

were  atCai^hed  by  strains  [massing  over  one  shoulder  and  ujider  the  other 

fa^eood  to  the  main  «ibles,  an  arrangement  enabling  them  to  uee 

fhdr  weigJit  and  strength  to  the  best  advantage.     The  cables  were 

I  fit^eiietl  to  the  sletlge  at  four  projecting  pins  or  trunnions  by  a  knot  of 

KTuluir  construction.     To  start  the  mass  a  large  wooden  lever  was 

[ipjdkHl  heliind.   To  get  the  full  l>enefit  of  the  lever,  rojxs  were  fastened 

li*  ih<-  upjx'r  end,  wliich  could  not  other^^se  hav^e  been  reaclietL     An 

I^^'ptiaii  ftculptur^  near  El  Bemheh  shows  a  coloiitial  statue  in  process 

hif  iraJisport,  the  mcmnK  employed  being  v^ery  similar  to  the  foregoing. 

[Ufi  the  koe^  of  the  figure  standi^  a  man,  probably  besitiiig  time  and 

Ipving  out  the  words  of  a  song.     At  the  prow  of  the  sledge  a  man  is 

iwitinng  fiom«?thing  from  a  vase,  perhaps  grease.     Platoons  of  sryldlers 

anxMnpany  the  march.     A  uuhiIkt  of  men  are  delineated  carrying 

warier  (nr  juissibly  grease)  and  unknown  implements.     Task  mastem 

wA  reltefe  of  men  follow.     We  have  seen  that  the  Assyrians,  who 

♦«roe  into  power  1150  BX\,  knew  the  brick  arch,  but  we  find  that  it 

tsiiled  in  Egvn[>t  as  early  ixs  1540  B.C.     The  st<me  arcli  is  found  there, 

wmetmeteil  about  6(X)  B.C. 

The  last  mlers  of  Western  Asia,  l>etbre  the  advent  of  Alexander, 
^^  the  PerBians,  from  bb^  B.C.  to  333  B.C.  These  A  lyan  Persians 
ilid  titrt  follow  their  Semitic  predec*cssors  in  all  their  an-hitectnral  formB, 

10 
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but  originated  a  style  that  is  j^uggestive  of  the  Grc^ekj  using  the  oolumn 
very  lai^Iy, 

A  curious  edifice^  belonging  prolmbly  to  the  later  Achaeniejium  tiim^* 
is  a  scjiiare  tower,  eoni[>osed  of  large  bhickii  uf  marble  cut  wkli  great 
exactness  and  joined  together  M^ithout  any  mortar  or  t-ement  of  aiiv 
kind.  The  building  is  thirty *six  feet  high  and  twenty-four  feet  j^juare. 
The  doorway  t^  not  at  tlie  l)<jtt(Jiii,  l>nt  half*  way  up,  and  miigt  havt* 
been  reachttl  by  a  flight  of  ijiteps.  The  nio^t  interesting  future,  how- 
ever, from  our  point  of  view,  is  the  roofj  which  consists  of  four  laip:* 
slabt^  of  intone,  reat^^hing  entirely  mn^m  from  side  to  sirle  and  niea^urinj: 
about  twenty-four  feet  in  length,  six  feet  in  width  and  from  eigliteeii 
inches  to  three  feet  in  tliit^knes§.  The  alabs  are  cut  to  slojje  eaeli  way 
from  the  ditigf^mal  liivett  and  were  originally  clamped  togetlicr  in  a  very 
careful  maimer-  by  iwrn  clamps*  This  tv>iLstruction  is  shown  in  plan 
by  Fig,  7, 

I  shall  ]>ass  by  Egyptian  stone  work,  not  becaifw  it  m  lews  worthv  ot' 
notice  than  that  of  Western  ^^ia,  beings  on  the  eontrarj',  nineh  more 
remarkable,  but  Ijecause  for  that  very  reason  it  hasi  l^een  more  generally 
discuasedj  and  yon  are  doubtles^^  familiar  with  it^^  general  eJianw-ter,  ks 
\A}  the  mechiiuical  methods  used,  liowever,  a  few  words  may  be  of 
interact.  In  blocks  of  very  great  lengthy  aj?  the  columns  at  Fati'en^h^ 
which  are  alx>ut  siixty  feet  long  and  eight  and  one-half  feet  in  diameter, 
certain  pieces  of  stone  were  left  prtyecting  from  the  sidcs^  like  the 
trunnions  of  a  gnn,  to  w^iieh  the  ro|>es  were  atta<'hecL  The  largest  of 
the  obelisk^i  which  is  at  the  temple  of  Kamak,  weighs  alKiut  207 
tons  anrl  was  brought  about  138  mileii  from  the  quarry  it*  where  it  now 
stands^  and  those  taken  to  HeliopoHs  [laii^  over  a  space  of  al>out  800 
railed.  The  method  employed  was  tlie  same  as  that  already  described 
in  the  (Bse  of  tlie  Cfilossus,  The  skill  of  the  Egj'ptians  was  not  eon- 
fined  to  the  mere  moving  of  gn^t  weights.  Their  knowletige  of 
mec^hanism  is  sho^^^  in  the  erection  of  the  obelisks  and  in  the  jMisition 
of  large  stones  raised  to  a  considerable  lieight  and  adjuste<l  with  tlie 
utmfjst  precision;  sometimes  in  places  w^hcre  the  simixi  will  not  admit 
of  the  use  of  the  inclined  plane.  Some  of  the  most  remarkable  are 
the  liutels  and  ro^ifing  stones  of  the  large  temples,  the  lofty  doorway 
leading  into  the  great  hall  at  Karuak  Ix^ing  covered  with  sandstone 
blocks  forty  feet  ten  inches  long  and  five  fbct  two  inches  square.  In 
one  of  the  quarries  at  Syene  is  a  gninite  obelisk  which,  having  been 
broken  in  the  centre  after  it  was  finished,  was  lefl  in  the  exaot  spot 


pPl&lk.  IW7%  No.  a,]      Bttrfiham — Aneieni  En^imering. 


137 


where  it  was  8eparat<?d  from  the  nx*k.  From  the  dimensions  of  the 
quarrj^,  and  the  situation  of  the  stone,  it  must  have  l>een  lifted  Ixxlily^ 
m  was  tiie  case  also  with  the  other  Btones  taken  from  the  same  quarry. 
The  a«e  of  the  «inal  for  irrij^ition,  water  supply  and  inland  naviga- 
tion was  developed  In  the  East  at  a  very  early  date.  Rain  wa.^  infre- 
qoeot^  and  while  there  wajs  pleut}^-  of  water  in  the  rivers,  the  very 
|€xbceti(^  of  the  j>ef>ple  depended  ui^on  their  ability  to  conduct  it  t4> 
mU.  Innumendile  mountk,  in  rej;:ionB  now  dct^olate,  ^liow  how 
rptipulation  they  ^uj^tiiiued.  Huge  dams?  were  thrown  aero:?s  the 
KTigris  ill  varioii.s  plac^,  one  of  which  (the  Awai)  Btill  remabis,  seriouflly 
ampectlng  the  navigation  of  the  river.  It  is  fonned  of  large  masses 
r  <jf  Bqiian5d  stone?^  uniteil  together  by  iron  clamps. 
H  In  the  traet  of  land  lying  between  the  river  Zab  and  the  Tigris  near 
their  jiuiction,  in  which  wa.s  situatwl  the  important  town  of  Calah,  a 
ti^aet  which  war*  partly  alluvial  but  more  generally  of  sei'ondary  forma- 
tion, hafti  gravel,  stuKlstone  and  eon^Jt^merate,  are  the  remains  of  a 
caimK  un(h*ubtedly  Assyrian,     The  first  portion  of  thiji^  canal  is  tunnel- 

twork,  the  remainder  being  open  cutting.  Its  total  length  Is  about 
twenty -five  miles* 
The  great  Egyptian  caiial^  from  BtiV)a.stis  (the  motlern  Behays)  on 
the  Nile,  to  ihe  Gulf  of  Suez,  antieifMited  the  grt^t  W(>rk  of  our  timen 
' — the  Suez  Canal «  The  present  esmalj  indeed,  follows  the  eourse  of  iLs 
aaoeut  predecessor  for  some  distance  at  the  Suez  end*  Herodotus  says 
waa  cummenc^rl  by  Neco  (alx>ut  610  BX\),  and  that  it  was  four 
lys'  joumer  in  lengthy  and  broad  enough  to  admit  two  triremes 
[whfmoL  At  the  mouth  of  the  canal  were  sluice  by  which  it  could  be 
opened  or  close*!,  according  to  cireumstanees*  Though  tilled  vrith  sand, 
JKii  direction  is  still  easily  trat^l,  running  nearly  cast  about  thirtj^-three 
milei  from  Buliaj^tis,  and  then  S.  S.  E,  sixty-three  miles  more  to  the 
lity  of  the  Arabian  Gulf,  The  date  assigned  by  Herodotus  for 
fiM  work  is  probably  much  too  recent,  as  monnmenis  of  Rameatsis  II* 
(1350  B.C.)  are  found  on  iti^  banks. 

Among  the  most  famous  feiits  of  ancient  military  engineering  were 

I  caiia]  and  bridt^c  of  Xerxes.    On  aci'ount  of  a  fornier  disaster  to  his 

^  Beei  in  rounding  Mt»  Athos^  (a  stormy  promontory  resembling  our  Cape 

Hatieras  m  this  particular  and  which  Greek  sailors  still  dread  to  pass)^ 

rXerxis*  determined   to  eut  thnjugh   the  j>en insula  by  a  oinal  twelve 

iftirlongs  aoroee,  the  neck  of  tlie  peninsula  being  comjiaratively  level, 

rbe  work  wis  done  by  the  neighboring  peoples^  each  nationality  doing 
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a  certain  portion.     Herodotus,  who  seems  to  have  lK^en  a  hbtoriaii^ 
with  eoiiBiderable  engineering  .sense,  mys:    *' The  sides  fell  in  oontin- 
ually,  fus  eon  Id  not  but  happen,  wince  they  made  tlie  width  no  greater 
at  the  top  tlian  it  was  recjuiretl  to  be  at  the  iMittom.     The  Phoenicians^, 
however,  showed  therr  usual  i^kill  hy  making  the  part  aligned  to  them 
tM^iee  as  wide  at  the  top  as  it  mil^  re<|nired  to  l>e  at  the  l>ottom,"     Thr 
other  work  tliat  I  have  nieutioiieil  wa.^  a  pontoon  bridge  acToes?  the 
HeIltsjM>nt  from  Abydm  to  Sestos,  for  the  trani^jKirt  of  his  enonnoni? 
army.     The  ehannel  at  thif^  jKiint  is  about  one  and  a  half  miles  broad. 
A  8torni  having  det^tiweil  tlie  fij*st  bridge,  Xerxes  gave  ordem  tliat  the 
Hellespont  shoukl  receive  three  hmidretl  Uishan,  and  that  a  [mir  of  fet- 
ters slioukl  Ix^  east  into  it.     Henidotns  siivf^  that  the  lashers  utteroil 
tli^ie  woi^ds  while  setiurging  tlie  Hellesj)ont*  **  Thou  bitter  water^  thy 
lord  lays^  on  ihm  this  punishment  beeaust*  thou  hast  wronged  him  with- 
out a  aiusej  having  suffered!  ik*  evil  at  t!iy  hands  ;  verily.  King  Xerxe^ 
will  eross  thee  whether  thou  wilt  c»r  no,     AVell  dost  thou  des4*rvc  that 
no  man  slioidd  honor  thee  with  Siieriliee,  for  thou  art  in  truth  a  treaeh- 
erous  and  unsavory  river."     While  this  interesting  eei^mony  was  in 
progress,   lie    ltkcwi.se   e*>mmanded    that    the    overseers   (engineers?) 
should   lase  thtiir  heads — a  f{ite  that  should  reeoucile  the  engineer  of 
toKlay  to  his  lot<    The  work  was  finally  completed  as  follows — I  qui 
fr«jm  the  histfirian  again  :  **  They  joined  together  tru-emes  and  peni 
eonters,  360  to  support  the  bridge  on   the  siile   towards  the  Enxi 
(Blat*k)  Sea,  and  314  to  sustain  the  other,  plaecrl  at  right  angles  to 
sea  and  in  the  dii^ietion  of  the  Hellespont  ehannel,  relieving,  by  tlies*e 
means,  the  tension  of  the  shore  cables.     Having  joined   the  v 
they  moored  them  with  anehors  of  unusual  size,      *         *  * 

A  gap  was  left  iu  the  |>enteeonters  m  no  fewer  than  three  places,  tfv 
afford  jKissage  for  passing  boats.     Wlien  all  this  was  done,  the  rabies 
were  made  taut  on  the  shore  by  tlie  help  of  wtKideu  capstans  ;  tliiH|    . 
time,  instead  of  a'^ing  the  two  materials  separately,  they  assigned  l(^| 
each  bridge  six  cables,  two  of  white  flax  and  four  of  [mjiyrrts*     Botl^l 
cables  w^cre  of  the  same  size  and  ipiality,  but   the  flaxen  were  the 
heavier,  w^eighing  not  less  than  a  talent  to  the  cubit.   When  the  bridge 
was  eoniplcte,  trunks  of  titjes  were  siiwn  into  planks  and   placed  side 
by  side  upon  the  tighteneil  aibles  and  ilistened  upim  the  top*     This 
done,  briLshwood  was  brought  and  arranged  upim  the  plankg,  after 
which  t^rth  wa.-^  bnjnght  and  heai>eti  u]>on  the  bruBhwotKl,  and  the 
whole  tnxlden  down  into  asi.»lid  niass<  Lastly  a  bulwark  was  set  up  < 
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rith^  side  of  xhh  causeway,  of  sueli  a  height  m  to  prevent  the  suniptcr 
baists  and  the  hoi^es  from  seeing  over  it  aud  taking  fright  at  the 
Mrater." 

I  shall  treat  verj'  briefly  of  the  Roman  works,  as  these  are  well 
known.  The  Cloaca  Majciiiia  or  great  sewer  of  Rome,  iii^erjIjiMl  to  the 
f  hui^t  three  kings,  f,  c.,  aI)out  520  B»C*j  h  still  preserveil  for  a  dishuic5e 
4»f  fine  thua^nd  feet,  and  still  enndiiet^  the  drainage  from  the  Caj>itol- 
in^  and  Palatine  hills  to  the  Tiber.  It  k  prokdjle  that  the  Etniacand 
were  the  de^igner^  of  thiM  and  other  early  Roman  works,  as  this 
remarkable  nation  wiis  already  far  adviin<j^^I  in  eivilization  when  the 
Kuniani^  were  ignorant  rustics*  An  arched  vault  of  tufa,  with  arehe^ 
travertine  insertetl  into  it  at  intervals  of  ten  feet,  covers  the  canal, 
which  is  alK>ut  twenty  feet  wide.  The  original  height  wok  twelve  feet, 
ni«w  reduced  to  from  six  to  i^eveti  feet  by  silting,  in  ^pite  of  frecjuent 
<*lt^sininga  To  prt*vent  innndations  or  reclaim  arable  landg,  lakes  and 
marsJtcD  were  drained  by  works  trailed  eniissaria,  The^e  were  either 
lopen  or  covered,  and  involved,  in  ^onie  instances,  a  oonsidemble amount 
{•**{  tiaunel  work, 

Tlie  ilminage  of  Lacus  Fneinas,  which  was  subject  to  dangenjus 

jnundationi^,  wa^?  phmned  by  Vwa^w  but  not  executed  until  the  time  of 

i/laudiiLs  (0  B.C\-54  A.D.J.    Tlie  whole  basin  was  laid  dry ;  thi.s  l>eing 

l^^ffertwl  by  a  shaft  cut  through  the  solid  r*x;k  from  the  lake  to  the  river 

L»*vis  (now  Garigliano),  wliicli  tli^^-hargeji  into  the  Mediterranean.    The 

runnel  was*  15,0<Xi  Roman  fcc^t  in  length,  9  feet  wide  and  14  feet  high. 

V<*fti<^*l  >shafb^  were  ^nnk  lor  the  removal  of  the  dfebris,  and   inclined 

i^lmib^  for  the  aseent  or  descent  *if  the  wxirkmen.     The  snli<Iarity  of  the 

Roman  Enipirt/  allowed  the  con.struetion  of  roads  that  would  not  have 

t  lu-en  jNJS&ible  in  di8cx>nnectt'd  Greece*     The  nature  of  the  ground  warf 

Intoet  wholly  disri^irded  m  influencing  the  alignment  of  the  road. 

[Moojilain^  were  cut  or  tunneled,  depressions  filled,  deep  vallevH  or 

IfupicI  streams  i*panne<l  l>y  bridges  iif  Ixild  design, 

(>f  tunnels  I  will  mention  the  so^^Ued  Grotto  of  Po^ilipiK),  near 

i|d4^,  whieli  IB  ^till  usetl.     It  is  2r]fXJ  feet  long  by  20  ^^^^  wide,  arched 

mtli  cndi^,  with  spaiLs  <if  81  and  S4  feet.    The  material  pierced  is  solid 

The  ^*ia  Apjna,  Ix'low  the  village  of  Ariccia,  runs  for  some  distance 
on  an  embaiikraent  faced  with  freestone,  with  massive  balustrades  and 
eeabi  on  both  sides.  Arched  culverts  occur  at  intervals.  The  roads 
WW*  either  sftrewo  with  sand  or  gravel  or  paved  with  solid  stones.    In 


140 


Haupf — Clwmjieathn  of  Masonry,      [Proc*  Eog* 


the  latter  v^^e  j^MijIyg^nal  stones,  usually  liasaU,  were  used;  the  mbed 
foot^vavBj  when  they  occ*ur,  were  generally  made  of  the  ^fter  comnioa 
tuili-  The  middle  of  the  matl  wan  crowned  for  drainugi^^  m  indiaited 
ill  Fig,  11,  which  Is  a  vnv^  section  of  an  embankment  thmngh  the 
axiH  of  an  im4ie<l  drain.  Add  mils  and  eross-tics  to  this  section,  an<l 
suppOHt*  the  grade  to  have  been  within  certain  limits,  and  yon  will  i^t-e 
at  once  how  closely  we  appnmch  the  ancients  in  one  resjiect  and  how 
widely  we  differ  from  them  in  another  regard.  If  we  except  our  iroa 
framing  (for  tliey  nnderstwd  wooden  fniming  and  reached  a  point  iu 
stone  wtirk  to  which  we  have  never  attained)^  our  predecessors  origin- 
ated the  conBtruetive  forms  which  we  have  so  greatly  extended  and 
use  in  jsucli  a  ditferent  manner. 


XXII. 


NOMENCLATURE  AND  CLASSIFICATION  OF  MASONRYJ 

By  Prof*  L.  M.  H  aupt»  C>  E^  Member  of  the  Club. 
Eead  AjjrU  UK  1S79. 

A  atpeful  analy^iJB  of  a  lai^e  nmnber  of  masonrjr*  s{>eeifimtit>iifi  ha?* 
revealed  the  fact  that  serious  discrepanci^  exist  in  the  use  and  mean- 
ings of  the  terms  employed  to  designate  the  several  classes  and  grad^ 
of  workj  giving  rise  to  misunderstandhig  lietween  the  contracting 
parties*  It  is  the  object  of  this  paper  to  attempt  the  removal  of  these 
ambiguities  hy  comparing  carefully  the  numerous  authoritit^  available^ 
and  stating  the  conclusions  obtaincil  in  such  tbrm  a^  may  l>e  n^ily 
referred  to. 

In  the  preparation  and  manipulation  of  stones  for  building  purfKJsa? 
three  classes  of  arttsans  are  employed^  vi^  :  the  qimrri/nmn^  the  ntone- 
eidter  and  the  timson.  It  is  the  duty  of  the  first  to  detach  the  stone- 
from  its  natural  or  quarry  \>ed^  in  a  rough  stiite,  conetituting  ruhitle  ;- 
of  the  second,  to  rcdur-e  the  nias«  to  prefer ibe<.l  dimcusioiis  with  a  ^iHx'i- 
fied  tinbli,  constituting  cut  or  dr^med  stmu  ;  and  of  the  thini,  to  lay 
the  stone  witli  its  pn3|)er  bed  and  bond  in  the  structure,  cojmtituting 
masonry.  ^H 

Hence  arise  two  gencnil  chisses  of  masonry — one  liaseil  uj>on  th^^™ 
preparation  of  the  individual  stones,  or  tl^Jbiish^mid  the  otlier^  upoa 
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I  tiie  methiKit  of  la^^iig,  or  ike  bond.  The  first  of  the  above  claases  mdr 
iirallj  n^)lves  it^^If  into  the  subdivbions  of  vvn  OR  drrssed  ami 

it^H*tTOR  ROUGH  sstoties,  Tlie  secimd  may  also  be  suWivided  into 
titii£?<mn^%  in  which  the  horizontal  joints  are  mnilmtouji  throughout  the 

L^mtc*ture,  or  recjulak  chiurhed;  and  that  in  whi«:*h  they  ai^e  not  con- 

I  h*fi«t'^(f^«  but  bnjken  in  oflfeete,  constituting  iRRE<:iULAR-tX)rRSED  or 

|ltAKlM>M    MASONRY. 

In  (I«^iguatitig  inai5onn%  tliereforCj  it  is  man  that  to  give  a  dear  idea 
ihf  tile  kind  intended,  not  only  the  bond  but  tht^finkh  should  be  dis- 
titictly  fiiK!Citied,  and  mre  sliould  1)q  taken  that  there  be  no  ambiguity 
in  regard  to  the  ordinary  meanings  of  the  term^  UJsetL 

The  terms  ashlar  auf]  rubl>le  iln  not  api>ear  to  be  clearly  ujidenstood^ 

and  even  tJie  authorities  are  not  in  }>erfect  ai:5Cord  on  thijs  subject.     In 

a  [laper  read  liefore  the  American  Society  of  Civil  Engineers,  Novem- 

l*er   7th,    1877,  by  Messn^,  Cixies^  Merrill  and  Van  Winkle,  ashlar 

nia^^nr^'^  is  defined  to  l>e  "  Efiuivaleiit  tti  cut-sitone  nutsonry.    *     *      * 

'  A?*  a  rule  tliecoui'Mc^  are  a>ntiuuous,  but  s^jmetimes  they  are  broken  by 

the  intnMhiction  of  s^nvaller  stouess  of  the  same  kind,  and  it  is  then 

« ailed  broken  mhtar.       *     *     *       From  its  derivation,  ashlar  apjtar- 

i-ntly  meau.4  large,  litiuare  blocks,  but  [>nu:*tii*e  *^em^  U*  have  made  it 

?<yiMmymoiiB  with  ^cut^stoue,' and  thii*  secondary  meaning  has  been 

retained  fur  ixHivenience/*  And  the  same  authorities  define  "  cut-stone*' 

Ui  lie  thiiee  which  are  "  H<|uai"CHl  and  have  ?? moot hly-d rested  Ixxls  and 

ate-*^     Another  authority  dertne^  ushhir  to  be  compossetl  of  *^  stones 

dnsbt*d  and  pitched  well  and  pro[ierly  so  that  the/«c€  of  each  Ix*  a 

{w^ygtm  of  9itraight  i*ide**  not  to  exi?ec*l  six  in  numlier»"    Tliis  is  calletl 

I  ftrohtti  ashlar  \  but  if  ashlar  be  aquared  stone,  as  above  defiuetl,  this 

J  t*lMm  muMt  be  excluded  ;  and  since  it  is  more  tbau  ruhblcj  having  the 

f  jfoinif  dressetif  it  must  Ijelong  to  the  geiieni  of  **  cut*stone  ;"  yet  accord- 

inf^  to  ihe  definition  given  by  the  committee  of  the  Amerumn  SiK^iety 

liif  Civil   Engineers  the  joints  shi)uld  be  at  right  angles  or  sr|uared, 

I  whieh  tliey  are  not,  hem?e  it  is  desirable  to  imike  a  distinction  l>etween 

'j^lar  aiid  "eut-stone'*  by  omitting  the  word  sffuirrtl  from  tlie  defi- 

tiilion  of  the  latter,  and  cidliug  the  work  just  descTilietl  circlet  I  i^tdc. 

By  f^i  doing  it  is  excluded  from  the  si^ecies  ashlar^  yet  included  in 

till"  geiiera  **  eut-st'>ne/- 

It  would  apjiear  then  that  definitions  leased  on  the  relative  position 

kind  of  joints  would  prestTve  tlie  distinction  hfetvieen  the  two 

divisions  of  ashlar  and  rubble.      So   long  as  the  stones  are 
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**Mjnarecl,"  that  is^  having  beds  and  vertical  joints  at  right  angte  hj 
eatih  otliefj  the  mason rj*  built  of  them  i.s  mhlarj  wliether  the  miirssiii 
be  continuous  or  not.  If  eontinuouB  and  of  equal  height  it  Ls  '*  regular 
{tshiur^*'  if  discontinuous  it  is  ^*  broken^remge"  "  irre^ufar,"  or  "ran- 
dom ttshiarJ^  (TliL*!^  three  terms  are  pnietically  synoiivnious.)  If 
contiiuioils  but  of  unequal  height  it  h  siiuply  range  tDork  ur  bhrk-in^^ 
mur»t\  H^ 

If  the  stones  are  not  "  squared ''  but  have  hewn  Jointe  iwrpendieidar' 
to  tlie  face,  and  making  any  angles  witli  each  other,  it  i^  'Uirtj^&f 
r\ihblej-  antl  if  unliewn  or  in  a  natural  state,  simply  *'  rubbte.^*  The 
face  of  **  dressed  rubble  "  may  be  hewn,  pitched,  or  rough. 

(Hvii.T    iiefiues    ashlar    jus  *' common  or  fn'entone,  ai*  bmu^'ht  froiiiyi 
quarry— also  the  fadug  g^iven  to  j^quure  Htoiic^  on  tht-  fnmt  of  a  huiJii- 
h I K ■ '  *    \Vt4 JH t e r  q iu>te«  froii \  ( J  w M t , 

Kan  KIN  s^ayM,  ashlar  (^r  hewn  .stone,  etm.^iste  of  blfK'ka  rut  to  regular  fiifur 
gi^ueralLy  ri^t-tan^^uUr,  mu\  tiuilt  in  eour^es  (»f  an  unirortu  depthi  isehioiii 
le?^  than  aiie  ftjot. 

BUEN,  in  Working  Drawings  and  I^eAigttA^  fleflnm  it  iw  a  fsieing  of  hewn 
and  <1  reused  ^tone  ^iveii  to  wtill!*,  the  hiiek  of  which  m  rubble. 

liNKiHT,  Afneriran  Jftrhaniraf  Jjhfmmtn/^  umkeH  two  eJa;****^  :  ia)  Bough, 
a  block  of  freentoue  m^  hroujcht  friiui  the  quarry.  (6)  Smooth ^  a  hloek 
drewsed  ready  for  use* 

Parkkk,  hi    hiM  Ofoi^Min/  of  Arf^httretufi^  i?H  niont  i^xplicit,  an<l  siiyn  it 
hewn  or  s(inur*xl  i*trint%  u?*ed  in  holldiogt  i\8  diwtingoiHlieii  frimi  tiia 
which  is  uulu'wii  or  roy^h  ii£*  it  eonies  fronv  tiie  quarry  ;  it  in  ciiUeil  ljy 
different  iiiuneH  at  tlie  present  day,  accordinjj:  to  the  way  in  whieh  it  3 
work«^i  and  Ik  Us^d  for  the  facingn  af  walln,  and  »et  in  regufar  eourm 
CM  dinfitiffitMf'd  from  ntthfe.     *    *    *    Headd«:  **  el  cue  he  wen  " 
tineiy-wcirkeil  a^^iiiar  is  fre<jLiently  sptrihed  In   ancient  eoutract** 
huiJdin^^  in  coniradiwlinetion  to  that  which  iw  roughly  worked,  and 
quole>*  fniui  old  MSS  (14(i5-f))T i*^  follows:  '*  Hercfolwth  the  uianerand 
cer tey tie  rule  o f  i n cat y n gc  of  nAhelcrn.    F i rbt  i t  m  Ui  u a derwta i \ de  th at 
every  tt^hferr  Ls  xij  ynchc  thykke  and  xvlij  ynelie  longe,  witdie  Triulti- 
plied  togedt^c  make  ij.  c.  xvj.  ynche«;  antl  so  every  nsh^ler  of  what 
Icugthe  ur  brmlc  that  he  be  of^  eonteyneth  ij.  e.  xvj,  ynelu^ ;  and  thaU 
nhall  be  your  devynore  ever  in  meaty  age  *>f  ftmhthrs.  ■ 

'*  Eatupyih*  of  meaty uge  affter  the  gaw^ge  t>f  xij  nieten,  in  length? 
xviij   yerdi^t  wyehc  make!  lie  in   fete  lUij  (54) ;   whieii  makethe  in 
yn<^ht»«  vj»  V.  xlviij,  (t>4H),  wiuhe  muUiplieil  wytlie  the  gawge  iuaki»1 
geth  yneliej^  vij  m'r.  vij*  e.  Ixxvj  (777ti)  wiche  ilevydtHl  he  ij,  e,  XI 
(210  )  makethe  of  a^ihek-frt  xxxvj  (M)J^ 

From  which  it  ajqjoarB  that  the  i4tonii«  were  ^*  i^quare<l/^  and  thi 
then*  ivere  M  of  them  in  a  length  of  18  yards,  or  each  Htoue  wai*  1| 
inchc»  long  and  12  ineheH  Idgh,  makhig  a  face  of  ^10  square  inehes. 
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IBrakdk  An4  Cox  delltie  aHblar  as  beinjir  »toiie  reduetd  to  a  rc?et4iiigiiJar 
foriiL ;  and 
Tc*iiLi3fS4.>N,  £m  stoni'  s^iuar^  and  drt^inl  to  given  dJiiienHiunf*. 
Rubble. 
3*AftKEit  drdne^  rubble  aa  *'  atom^  not  lai>5^e  Uiit  irrfgulHr  in  ^ize  antl  i^hape, 
an<l  not  str>  rtat-bcHl<led  tm  in  rag  work;   if  b  Kt*i»t*ruHy  iii*i'd  for  the 
jii/MW<vitt  J'^nf^^r/optfffia^  1V8  LMkiirse  walling  of  nmgh  wtoni^, 
BEAXriE  and  Cox,  hh  any  tttoni-  l^rakt-n  frfmi  the  tinarrj*  in  rough,  IrreKu- 
[mt  tuJUMM^T  "*id  ii"t  subjeHt'd  to  any  further  dreeing. 
»To|f  i#fKSoN»  Mtone^i  UHt'd  without  bting  rtijuaret^ 
Fnira  the  authorities  alresidv  i|Uote<l  it  is  evident  that  the  chief  dis- 
tiiictii»ii  between  ashlar  and  nibble  consists  in  the  shape  of  the  stone, 
th*'  first   l>eing  squaral^  the  fsccond  not;  imd  yet  wc  find  a  reliable 
L  anthurit^'  deduing  dressed  rubble  as  con-si-fting  of  squared  stone  (ntJt 
Bjts^  than   18  inche:^  high^  with  no  bed   less  than  18  inches  or  less 
■     than   the   height  of  the  stone).      The  term  is  a  misnomer,  as  such 
tiiii!;«#nr\-  should  be  classed  under  the  generic  term  ashlar  and  may  be 
eitlier  ratt^^trork,  nin/hm  or  irre^nlar  aHhlar^  or  *^  rock-face  piff*h4'd 
iWiittr,  de^f  acfiortlin^  to  cireumt^tanccs, 

Another  authority  says  *'  rfthbk  will  Ix^  built  of  ntonc  at  least  nine 
iaeh«¥  ihickj  and  each  stone  nnihit  have  one-fourth  more  bed  than  rise, 
md  a  length  not  less  than  twice  nor  more  than  four  times  the  rise. 
The  cottrsing  may  l>e  iri-egular**'  The  stones  herein  descril>ed  are 
tfvidently  squariil  and  njnseijuently  cannot  pro|>erly  be  classed  as 
fnUilf, 

In  addition  to  the  laxity'  existing  in  the  use  of  termSj  another  source 
rf  trotible  arises  from  the  intriKluction  of  im|R*ssible  conditions  con- 
(tming  dimensionii.  For  instance,  the  speeitimtions  for  first-cIas.H 
WuljjiMnasonry  used  on  an  important  railroad,  read  m^  follows: 

''Ojur!5«es  of  stone  in  abutments,  piers  and  walls  are  to  \m^  not  less 
thau  Un  nor  nion^  than  thirty  inches  thick  Stretchers  to  be  not  less 
tlan  two  and  a  half  nor  more  than  six  feet  long  and  not  less  than  one 
and  a  half  feet  wide,  nor  less  in  width  than  one  and  a  fourth  times  the 
^jetlqilli/'  This  would  make  die  least  all^Jwable  depth  14*4  inches, 
*l»cii*§  above  it  may  lie  10  inches*  Again,  *^  headers  must  not  be  less 
fkin  ilirre  and  a  half  feet  nor  more  than  four  and  a  half  feet  long, 
^Ik-k  (Jie  thickness  of  the  wall  will  admit  of  the  same,  and  not  less  than 
^'ifanrfa  half  fed  wide  nor  leaa  in  width  than  they  are  in  depth  of 
wma^.    The  JaiVi^,  well  broken,  in  no  case  les8  than  twelve  inches," 
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Ttiet^  requirements  give  m  the  least  width  of  lieatler  1 J  feet,  a«d  fc 
kp  uf  j<*int  12  luchi^  oti  either  8ide,  iiialcing  tw'o  IWt  more  or  'U  fat 
for  least  allowable  length  of  stretchcrj  whereas  al>tpve  it  may  l>c  but  2 J 
feet. 

Since  masonry  k  also  g[M!eifieil  m  firstj  second  imd  t!iird-ela^,  it  b 
di^imble  to  prestTilje  if  pfj^ible  tlie  ehapacTteristio*  of  these  varioii.* 
clasees- 

The  refiuirenieat*4  of  FiEm'-CLASS  masosry  are  fouud  genenUly  hy 
be  m  followj^ ; 

CouTMeM  not  les«  than  twelve  nor  more  than  tliirtj-  inehen  in  height. 

Sfrdchers  not  Ws  tlian  four  aiid  a  half  nor  raoi^  tliaii  six  feet  long^ 
height  equal  tliat  of  the  course,  and  widtli  one-fourth  greater  tlmfi 
the  height  for  munseB  under  l(i  inelms,  timl  where  t^>urse  \s  greater  it 
should  at  least  be  efjual  to  height 

Headers  not  le?^  than  three  and  a  lialf  ftn^t  long  (unlei^^  in  a  narrow 
wall) ;  lieight  CHjual  to  that  of  the  f^mrHe,  and  widtli  equal  U.>  height* 
The  lieaders  should  occupy  from  one«iifth  to  one-thirtl  the  face  of  the 
wulK  ^ 

Joinh  should  not  be  more  than  three-eights  of  an  inch  wide,  aoB^ 
the  vertical  joints  should  be  dressed  back  at  least  one  foot  from  the 
faoBp     The  beds  should  l>e  dreseed  true  and  out  of  wind.     If  tht*  r^nr- 
faee  be  "  roek-faee  '*  it  should  be  pitclietl  and  the  pmjections  should 
(i^ldoni  exceetl  four  inche^j  though  the  liniita  vary  from  one  to  six.    It   - 
is  frequently  drafted.  ^H 

In  SECOND-CLASS  MASONKY  the  stoucs  are  sinallcr  and  need  not  n^^ 
laid  in  continuous  courses^    It^  therefore,  includes  random,  broken-range     ' 
and  irregular  ashlar*     The  joints  are  not  so  eloaely  dressed,  varj^ing 
from  I  to  f  of  an  inchi  hut  should  be  horizontal  and  verticaL 

thirem:^lahb  masonry  consists  of  rubble  eitlier  dressetl  or  rough,  but 
well  scabbletl  and  with  close  joints  well  filled  with  mortar  and  small 
stones  (cliip??  or  sjmlls).     There  should  be  no  s|>aoes  greater  than  aU^I 
inch©*  to  be  tilled  with  mortar.  ^^ 

Many  combinations  may  be  made  of  bond  and  finijsh^  bs  roc^k-faoe 
pitched  ashlar,  rcguhir-oourscd  smooth  ashlar,  regular-coursed  polished 
a^ihlar,  random-ct>ursed  tootlicxl  ashlar^  etc. 

There  are  alst»  other  classes  of  mas*)iiry,  based  upon  its  use,  as  arch^ 
culvert,  box,  etc,,  to  wliieh  the  preceding  remarks  may  be  readily 
appliaL 


tjication  of  Mnaonrjf. 
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BKTOJtf,  ^T<>N€HFrE;  wn  wtiarJAJ  ^tUMliaic*  cMmpMid  of 

RlP'IiAJ*;  All  Mpmn  or  re^tstnient  of  riilil>li?  wtom*  Imisaly 

tlkr«»wiL  ii)iit|j<jKjrliiru 
RA<  i  WllliK  ;  iiummTf  of  fuipdl  IlAt  M[iiktU  of  ihL^<^  or  iluiL« 


lOnOlf ;  iinh«wti  tlfma  u  taken  fN»in  quiUTX> 


BAf^TAItt>:  H  ((»mi  ttiiii(?tliiiM  ap|»U«l  to  iHjmyjOfttiini  wh]L»« 

the  fBcii  iMslng  Mliliir  ;  imek,  nibhUr. 
WIAJfiTKD  iir  rfnsKJ-Ki^  ImTtnffftic*  wroujjlit  ^Uii  1  c*ii»t 

or  iwnxi^w  tuuL 

BU8n-UAMMi:Rfc^l>;  tlroKKHl  t^ltli  tt  \Hi»h  Iitt4iyiit>r 
rRA^lULLKl>;  ^hjUffbt  hp  ji|>lM4»e  wtih  «  cmndnU- 
I>IAM0NLV  work  ;  ttiftt  lu  wbtoti    fhe  ««m.   hn  fonnwl  bj  tioir 

|i1nfi<w  jiK!^tjii|;  lil  th4^  iiitfirn^'tlou  >jf  Mie  dijikgi>iiiil>, 
DHJli^KIi  work;  thai  which  U  wftuight  mi  tUn  riM*\ 
IHi.N^TKD  :  linvtiifi  a  iwimiw*  hWI  rlraniiH  ftnnmii  t*ii*f<4r'» 

t*r  ituirglii, 
ntK^VICEi,  STK^>KEI>^  wpijtij(hl  *IOi  n  l»n)iwl  t'b(«"I  *tr  IjBai* 

iu«*r  kh  f>nmll«L  tliitiaf^  **^rv>v  the  *um^  tntm  niKl  tii  t<^uiJ. 
IIAM91KLE-11HK8^£I>;  «nrkr«l  «{tli  thr«  liAmiM^r. 

NrC*t<KI>t  NIIK:}ED;  pk>k«4  wiUi  k  pulntnl  huumer  or  cm^tl 

tit  the  doslml  ^rnu 
PATKJIT-UAMIIERKD:  ilmwl  iHth  a  riitedt  hHEuaiur, 
1>|(TKK1J;  radui.ii'l  (o  no  A(iproJtiiiuiie  plum"  wiih  a  pick. 
t'lTCElETI;  ilrucHcitl  it>  the  a*Mi  Uti»  or  imIj^  with  a  pitoU^ 

I  tig  ctiiftc-t 
PhAlU  i  nitrli^  Hmuotk  to  imiDiri?  Imyl  tunrki. 
IHUNTKD  J  dr«iiHs<1  *liii  u  pi"itit  or  wery  nurow  l*>i»L 
K>tl9HRD;  Tul>ttiN;L  itt>wii  i»  a  rrflecUiigt  ntrfiiMi. 
nUSt>N  ;  ItitYiiiii;  MiirfiK^  wn>UKbt  biUtlmltw. 
RaN]hiM-T<mM,KI>  or  nn>v('>*i;  cut  with  a  hnMul  ttntl   bin>- 

im'gtilur  Uuiln^. 
iKKK-rAlEIl,    QUARRY'FArEl>,     RtVlim^     left     W    It 

oiiiK-vi  fh«ti  qiwirry.    It  wmj  Iw  ilriifU<)ijr  pHrliu*!  to  r»^liic*«' 

projiH-tiug  foi't"  U>  glvfii  IJiiiltN, 
iaTB1»:D:  MV|ilaiu. 
RlTi^Tir,  BOSTICATKD  ;  iiATliig  the  W^*  L>r  ttuiim  P«M(wt* 

Uif,  U*y^Hiid  Ih^jUriMw,  whbrb  ivn*  ln-vrlwl  or  dniflt-d,    Thfl 

iHi-i'  BiHky  b*dti!M«d  in  U17  dc^rtrfl  iiuiiiiier. 
HAKH^TII;  MW|iUln, 
2^rAHfe-DRt>VEDt  bttviBg  tb«i  autlngN -fttriH^HdVulKr  ti> 

\\tvn'r  trtitfi^  of  4lfl11«i, 
»fUlF¥iV;    wniui;1it   Into  pimllp]  jEruuye*  wUIi  *.  [iidlit  '>t 

TOUl#KO;  wTt>ii|i;hl  to  a  ptauo  wilb  an  Incb  luiij  (ih*p  dntviii)^ 
TIKITIIKD  ;  <»f*<»t^  witii  tlif  tinrth  vhim-l, 
VKKMICULATEO,  Wtmai   Wl>JtK  ;  wrtPUjiht  lutrt  T«Ui*  Uf 
c titling  ftVMf  ijortbuji  tiC  ^ux. 
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PROPER  AMOUNT  OF  WATER-WAY  FOR  CULVERTS. 

By  THfis»  M.  Clekmann,  A.M.,  C.E,^  ML^mber  of  the  Club. 

nmd  Aprii  hth,  187f*. 

It  is  degirod  to  t^ll  tlie  attention  of  the  Club  tJiis  evening  to  ii  sub- 
ject which  often  present  itself  to  the  engineer  in  coni^tructing  railniadg, 

and  to  n^quest  that  tlio  jHi[^r  will  he  freely  dbcMissed  and  unspanngly 
critii'iMd  ;  and  tJie  ^vTiter  will  \m  abundantly  satbfietl  it*  facts  arc  pru- 
duced  bearing  on  it,  whether  they  sustain  or  di8i>rove. 

It  often  IiappenSj  in  designing  tlie  cu]%'eiis  for  a  new  railroad^  that 
tliere  is  great  uneertaint)^  in  regard  to  the  proper  oiK^ning  to  givt*  thtiiu 
The  old&^t  inhabitant  of  the  neigh lx)rhoi>d  is  sought  for  and  hieexjH^ri- 
-eace  apjiealed  to  as  to  the  height  of  tlie  greatei^t  flrxwl  \i\  his  retxvllectioii, 
and  the  engineer  sfjon  leams  that  he  had  better  Jidd  to  tlie  old  man'^ 
testimony  a  fonnidenible  amount^  if  lie  warit>5  the  culvert  to  safely  pa* 
the  water.  After  a  road  is  built,  floods  often  occur  greater  tJian  anj 
]>revinu*^ly  known.  There  seomg,  indeed,  but  littU*  doubt  tliat  th*- 
cutting  off  of  the  forests  has  iiicreai^d  the  flo<xls  over  what  they  wc 
formerly,  even  tliough  the  anmml  rain-fall  may  l>e  the  same. 

A  ftjrmuki  t.s  now  offeretl  which  han  Ix^en  eominuniejited  by  a  il 
tinguisheti  engineer  of  Riehmondj  Virginia,  Major  E,  T*  D,  Mycin 
He  \v^  dii^covered  it,  and  findj^  it  to  apply  well  to  the  water-cswirees  he 
has  been  able  to  examine,  which  lie  genenilly  on  the  line  of  tlie  Rich- 
mond, Fi^tKleriekfsbnrg  ami  Pot4>mac  R^iilroad,     It  is  as  follows  : 

A  =  t\  M 
wdiere  A  is  tlie  area  of  die  opening  of  tlie  culvert  lu  square  feet, 
is  the  drainage  area  in  acres,  and  c  is  a  variable  c<>-efficientj  depending 
on  the  eountrVj  and  which  he  states  is,  in  hlllVj  compact  ground,  equ 
to  1/^,  and  in  cfjmparatively  flat  ground,  erpial  to  1. 

The  relation  l>etween  the  drainage  area  and  tlie  amount  of  watCT 
flowing  in  the  greatest  fltKxl  has  lieen  statcKl  in  ajvpmxiraate  formulas 
by  several  writers,  vm  mentioned  in  Tanning's  "  Treatise  on  Water-t^ujj 
ply  Kngineering/*     He  gives  his  own  formula: 

also,  one  of  Cbh  Dickens: 


LSo.8.]    CUemann — Water-way  for  C^dverla. 


ud  one  of  3Ir.  Dredg* : 


14T 


9  =  c  X  27  (3/)^ 


Q  =  1300 


I 


in  which  Q  is  the  volume  of  distiliarge  in  cubic  feet  per  siecoud,  M  h 
the  Att^  f»f  water-shed  iu  aquare  miles,  X  is  the  length  of  water-shed 
in  <njilt«e,  and  c  h  a  <Nx*ffieientj  to  which  Cfil*  Dickent<  gives  a  mean 
value  itf  84  lor  Ea^  Indian  practice,  but  to  whicli  a  value  of  50  agrees- 
better  with  the  discharge  of  the  rivers  mentioned  Iwlow,  These  are  all 

tctidwl  for  much  largest  streamy  than  Major  Myers  inteud.s  his  own 
fumiiila  Ui  be  applieti  to*  However,  tlieor€ti«ilh%  tlie  same  elements- 
tin.*  cfjnci^nittl  in  both  atses,  and  a  common  formula  should  express' 
them. 

Let  us  first  compare  these  several  forniuleB  with  some  actual  rivers*. 
Id  a  late  numl>er  of  the  Engimcnng  Nam^  in  a  rei>ort  of  Messrs*. 
Cmes  and  Howell  on  the  water  supply  of  Newark,  the  drainage  area 
and  the  greatest  flootl  of  the  Passaic  River  are  given.  In  Generals- 
Hnmphrt»ys  and  Abbot's  rejwrt  on  tiie  Mississippi  River,  the  same 
c|nanritie:^  are  given  for  that  river  at  Columbus  and  for  the  Oiiio  at 

Wheeling,     The  result  of  a  comparison  of  these  data  is  as  follows : 


RjVMft, 


--IS3 


i>hlo at  Wheeling, 
MiwMp|ii  jit  (*o]unihuB, 


1200 
2.%(X)0: 


18,000 
200^) 


I  i  I 

W,54«'      1»,<)9!^;      19,1601     50^ 
862,aN}i    2I>4,728|    *569,52i'  S80' 


901,000, 1,403,00«  lS,34<.>,iMK)  l,28I,434;5,49i>,06-5iai2*l 


It  ie  seen  that  the  formida  of  CoL  Dickens  giv<^  the  nearest 
W*ieb  to  ac^^uracy.  The  foniiuJa  erf'  Mr,  Di'ed^  contains  the  length 
^  tb  atr^Jii,  and  abstrat*t  coiisidenitions  would  setmi  to  jM>int  to* 
this  38  Wing  more  correct-  However^  tlie  above  conijiarison  seems  to^ 
wiifat«  that  the  fiuMrtioa  is  not  in  the  ppjper  forai  iii  the  formula* 
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CoL  Dickens'  formula  bears  great  resemblance  to  Major  Myei^', 
€jc<9ept  that  it  gives  the  quaiiti^  of  water  dist^hargctl,  while  the  ktl 
give?  only  the  fAm  of  the  ojiening  through  which  it  should  pass,  W 
niakt^"  the  two  compfirablejtlie  latter  must  be  niultiplie<l  hv  an  sn^seuw^l 
velocity.  This  w^e  shall  take  as  that  at  which  (x^bbles  abc»ut  one  \\ 
in  diameter  artf  jiust  movt*tl — aeix>nling  to  Trautwine^w  Poeket-boofc 
2  feet  |jer  sc^eoiiil  at  the  bott<>mj  or  2|  feet  for  tiie  mean  velotatv,  Wi| 
then  have,  reducing  the  M  in  acres  to  Jtf"  in  M[uare  mileSj  and  taking 
the  value  of  the  coefificieiit  at  l-j^, 

for  Col.  Dickens-  formula,         Q  =  50  X  27  v'M 

and  for  Major  Myor^*  formula,  q  =  3|  X  27  VH 

We  may  therefore  conclude  that,  for  calculating  the  digscliarge  of  a 
stream,  the  farmulu  of  Col.  Dickenn  may  be  uscxl,  giving  c  a  value  of 
3|  for  ^rnall  gt  reams,  of  8  J  for  larger  gitreamp  and  of  50  for  very^  lai^*' 
rivers^.  However,  tlie  form  of  Major  Myers*  formula  m  better  for 
adaptati*>n  to  the  ordinary^  w^aiit*^  of  engineers,  and  it  is,  therefore, 
recommended  to  their  attention. 

It  is  wortlty  of  remark  tliat  there  sonietimeei  CKx^ur  storms^  of  80  vio- 
lent a  character  that  it  would  apjwar  as  though  no  c-ulvert  were  wide 
enough  to  fwu^  the  w^ater.  8uch  a  one  was  tliat  wldfli  otvurral  a  year 
or  two  ago  t>n  the  Pickering  Valley  Branch  of  the  Heading  RatlrtJ^id, 
when  something  like  a  water-spout  seemeil  to  have  moved  in  a  straight 
line  from  near  TjamlK?rtville  (?)  to  Penuingtonville,  and  washed  out 
the  culverta  on  tlic  railroads  that  it  crossed.  Mr.  Trautwinc  cxainineil 
the  plaee  where  it  struck  the  Pickering  Valley  IJntneh,  and  says  that 
the  thickness  of  the  mil  road  cmlxinkment  wa^  much  greater  than  what 
would  have  held  water  in  a  re«er\.'oir  of  a  greater  deptli,  and  yet  it 
wafs  entirely  swept  aivay,  leaving  the  culvert,  however,  uninjured. 
For  such  exceptional  casc^,  w^hich  lawyers  c^ll  "  the  act  of  God,"  no 
formula  can  be  framedj  and  one  would,  indeed,  be  of  no  use*  Their 
rarity  fortunately  renders  it  unncccs^smn-  to  attempt  to  provide  fo£ 
them. 

Before  ckw^ing,  it  is  requested  that  any  gentleman  w*ho  is  wmnei^ 
with  a  railrfMid  will  make  some  measurenieat  of  the  greatest  6oodj$ 
passing  thrc^ugh  some  of  his  eul  verbis  even  if  it  is  only  the  greatest  depUi 
of  the  water  multiplier!  by  the  width  of  water-way.  It  would  add  to  the 
value  of  the  ol)ser\'ation  if  the  vehx^ity  at  the  time  w^ere  also  noted. 
The  drainage  area  could  be  measured  from  county  m^m^  and  the  dis- 


fo^i 
>odj$     I 


Ptula.l87t,Kii.3 


CWtwrfe- 
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^QBiioQ  of  the  obeen'ations  would  J>e  a  labor  of  love  to  the  writer, 
aodf  he  ventures  to  think,  woiiM  likewise  l^e  of  j^rvice  to  hk  profes- 
locmal  brf^tlireii. 


l>i8CUHft*iON :     By  Chas.  G.  Darrach,  D.   McN.  Stauffer  aiid 
IlrDOLPH  Hebing» 

Mr.  t'HAS,  G,  Darrach  mk\  that  several  yt^i^  ago  he  had  cliarge 
of  liie  etinstruetton  of  a  railroad  which  foUowe<]  a  ravine,  between  hills 
rudng  on  each  side  to  a  height  of  several  hmidrtHl  feet,  near  Columbia, 
Pennsylvania,  At  one  place  the  road  en*SM^l  a  lateral  valley,  over 
which  im  embankment  wag  built,  which  wm  abinit  twenty  feet  above  a 
i^rtmll  stream ^  which  flowed  tliruiigh  it.  The  drainage  arcii  f)f  thin 
stream  was  215  acra?^  and  a  double  box  culvert  was  put  in  to  carry  the 
waller,  t*ai*h  opening  of  which  was  three  by  ibur  feet.  This  water-way 
wouhl  iigtxni  almast  exactly  with  what  Major  Myer^^  formula  rttpiire^, 
imn^  hi**  lar^r  coefficient,  A  great  storm,  however,  occurred  shortly 
iift«*r  it  wa.«  wmplcted,  when  the  water  accumulated  much  more  rapiilly 

Ilichiml  the  bank  than  the  culvert  «irried  it  off,  until  in  about  two 
.hours'  time  it  ovcrtopj>ed  it,  and  swept  it  away.  The  cnbic  contents 
-of  the  water  tiainracd  up  by  the  biink  was  about  4,000,000  cubic  feet. 
To  caim'  thi.s  water  ofl'in  one  and  a  half  hours,  the  duration  of  the 
stotm^  w  ith  a  hc^d  of  nine  feet,  about  the  average  head  until  it  top|)e<l 
,the  bank,  re<piires  an  opening  of  about  ^i%!\j:4%*  ^  S8  square  feet 
additional  To  meet  this  aise,  therefore,  the  eoefficient  in  Major 
Mycrsi'  formula  i^hould  be  raiBeil  to  4*2*  Such  a  storm,  however,  as  is 
here  spoken  of,  only  occurs  in, the  mountains,  in  this  jmrt  of  the  country; 
ft  buekc*!  which  was  standing  in  an  exposed  ]>Iace  during  the  storm, 
aiane,  so  tliat  it  could  have  received  water  from  no  otlier  sonnx^  than 
|iii%  and  which  was  eiglit  incheij  deep,  waf^  iilled  to  overflowing  in  the 
iihort  Bpar'c  of  an  hour  and  a  half^  whieli  indicates  an  unprec^entai 
rainfall  for  the  lot^dity* 

Mb*  D*  McN.  Stauffer  remarked  that  on  the  I^wer  Mississippi 
ved  rains  when  stamding  at  one  end  of  a  vessel,  he  could 
at  the  other  end,  only  175  feet  otf,  the  rain  jKinring  down  . 
m  die  inicTniediate  space  in  sucIj  great  tjuantity  that  everything  waa  1 
obsdifed  at  tJiat  distance.     It  m  probable  that  such  a  storm  would 
requirt  a  still  turther  increa^  of  the  coefficient. 


l^netinn^-Wata'-wffif  for  Oidveri^,      [Froc,  Eng.ClaM 


Mr.  Rudolph  Bering  read  the  foi losing: 

Tfie  stibjet*t  of  Mr,  Clceniaun'j?  i>aper  is  certiiinly  one  of  great  iniprt- 
aiK-e^  as  niilroiul  iict*ideDta  t.*aas^  by  falling  culverts  frequently  te^rtily ; 
it  may,  thereiore,  not  be  out  of  place  to  eater  into  it  a  little  further, 
Having  lutt'ly  jrittiiil  down  some  notes  on  tlie  same  sulyet^t,  I  will  pre- 
ijtiiit  tbeiii  in  cunuL^etion  with  his  pai^er^  l>ecatise  tbey  ^^how,  as  I  believe, 
for  rea&Jns  given  further  ou,  that  Major  Myers'  very  convenient  for- 
mula should  be  used  only  under  quite  similar  conditions  to  those  from 
which  it  was  detlui'Otl,  and  that  it  might  be  unsafe  when  otherwi^^ 
applied.  AYith  many  others,  it  Ix^ongs  to  a  class  of  fonimlte  which, 
being  derived  from  conijiaratively  few  observations  within  a  limited 
range,  are  yet  i*et^iramended  for  gejienil  a^.  The  subject  of  hydmulits 
{lartieularly  abounds^  with  sur^hj  and  many  a  disastrous  consequence*  lia^ 
been  tniced  Imck  to  the  use  of  one,  which  lieing  develoi>e4l  under  certain 
conditions^  wa.-^  a})plied  under  very  different  on€«. 

For  instiinf^e,  take  E}'telvvoin's  formula  for  the  mean  velocity  in  & 
!^tn54un  of  water,  which  has  been  ejctensively  used.  It  applies  with  tol- 
emble  atxairacy  Uj  small  rivern  with  light  gnide^  and  irregular  beds,  canals 
in  tolerably  good  onler,  aiul  was  also  found  to  give  reliable  results  for 
small  ami  smooth  artificial  channels  and  pipes  with  heavy  gmdt^ 
losing  it,  however,  as  hit3  been  done  with  disastrous  results,  for  a  small 
channel  with  a  light  gr^le,  very  tamfuUy  excavated  in  earth,  wc  will 
fiiid  the  actual  velocity  to  lye  so  much  in  excess  of  the  one  given  by  tiie 
formula  that  it  may  c*:)mplete]y  destroy  the  channel.  Or,  using  it  for  old 
pi|>es,  or  small  channels  with  very  rough  j)erimetersj  especially  when 
the  gnide  is  light,  we  may  only  get  one-half  the  amount  of  water  a** 
mleulated  atTcortling  to  Eytelwein, 

We  should,  thcni'fore,  tje  aware  that,  although  the  inductions  fn^nT 
a  series  of  exiK*riments  made  imder  slightly  vamiig  conditii>ni*  ar^j 
perft*ctly  trustworthy  within  these  limits,  yet  they  do  not  necessarilj^f 
hold  g04Ml  l>eyond  them,  and  sncli  iornuihc,  with  a  limitetl  application,^^ 
should  Ijc  gf\'en  to  the  practical  engineer,  only,  if  the  conditions  unde^J 
which  they  werc^  develoi>e*l  and  the  ihnits  of  the  values  which  may  bj^| 
sul)Stituted  in  them  are  likewise  given,  as  an  inherent  j>art,  being  of  a^ 
much  value  as  the  fitrmula  itself.  This  I  take  to  l>e  of  great  import- 
ant, Ijecause  when  we  see  an  t^|uatii»n^  a  mnthematieal  expression,  it 
naturally  has  an  ajtpearantxi  of  exactness  and  imparts  confidenoe, ; 
will  likely  be  used  for  all  eases  where  values,  whatever  they  may 
can  be  substituted. 


l»70.  No.  a.]    (Jt^munn —  Wtiier-wfi^ /ur  ChUrerts, 
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The  very  simple  nmX  convenient  formula  vvhit4i  Mr.  (Jleeiimnn  bm 
(feoaminecKled  to  U8  wintaing  the  secitional  ama  of  the  culvert,  the 
smsLi  an<l  a  tH>efficieTit  for  wliicli  tim  %^alut>i  are  given,  One 
lying  to  flat,  tlic  other  to  hilly  eouiitrieH,  Tliat  is  all — no  other 
[qimiititif^  are  meiittoaed.  Yet,  will  any  ojic  for  a  niuiiient  doubt  thdit 
he  *4^*tjoiiiil  area  of  tlip  culvert  iiari^  diredlif  as  tlie  uu^m  velocity  of 
the  \iiit4?r  |ias8ing  through  it?  Furtlier,  no  one  will  <leny  the  inijM>rt- 
iriiv  i>f  iHia^iderini^tho  inaxiiuum  rainfall  of  the  tlistrit't,  whieh  i^  very 
ilifferejitp  even  in  .sectionf*  of  our  own  t^ountry ;  and  laj^tly,  it  is  evident 
;■  ■  '  '■■  amount  of  water  flowlni^  off  the  drainafi^e  area  will  lie  gresitly 
i  I  iiy  it!5  topogTaphieal  and  geologiml  features. 

Then^fore,  unless  we  have  nioi-e  debiileil  inft»rination  a^  to  tlie  ron- 
Ittitmii  iitiikr  whieti  Major  Myi*i>5  fruunl  his  fnrniidii  tH>rreetj  it  Hh<inhl 
lie  uned  only  with  the  grwiteat  csiiitiinj,  knfiwin^  tlmt  we  arc*  ne^j- 
|Ji%*tiiig  j*oiiie  e^M^ntial  faetons, 

Tim  im|K>rtaiKH^'  of  detCTmintng  the  jirojM^r  i^im  of  watt*r*\vay  for  cul- 

\*vrtii  or  ,'«inall  hridge  ojicuini^,  tt^jHHnally  in  cultivateil  distriet.s,  juHti- 

ti«g  ihe  eiigim^er,  I  believe,  in  entering  further  into  the  .subject  and  not 

I li»*t]ig  content  with  a  formula  like  the  one  under  dtseusgion.     Hydraulic 

aneooe  givfs  ii^  the  nimn.s  of  aswrtainiiij^  other  faetors  with  at  Iwistan 

uppinaeh  to  a  rtiji^onable  clegi'ce  of  ae^-iimcy,  and  imi^ht  W{^  not  to  take  a 

little  trouble  to  carefully  ascertain  the  main  dimensions  of  our  public 

wurkn,  ralhcr  than  to  n^e  a  formula  winch  ssavt^i  n  little  time  I  nit  which 

luay  o>ntaiu  an  iru|Kjrtiint  oniinwion  or  an  error  rn  disguise?     Indeeil, 

wittfidering  the  [Miy  tliat  engineers  uHually  receive  for  their  time,  it  iB 

wijaomy  badly  misplaetHb 

Let  u&  see  what  *^n  lie  doiu*  to  wart  I  !^  .h<-»1vit»^  the  [»rol>lem  more 
rutitinallv- 

T\w  determination  of  the  maximum  amount  of  flood  water  di«- 
♦liargwl  at  the  iwtint  where  the  culvert  U  to  Ije  bnilt  will  lie  the  most 
impurtaiil  item.  If  we  dcsignute  this  amount  tiassin^  jrt  «'cond  by 
Vi  tte  duration  of  the  mi n fall  by  f,  the  mean  velocitA^  with  which  the 
W3*tifrfltm>  down  the  valley  before  rt^ieliin^  the  en  1  vert  by  Vj  and  the 
Hf  |)fh  of  ruin  fall  wliieh  actually  run^  r»ftVa  j^trip  of  ground,  jmr  scfimd, 
I'v  rijthe  width  lieiug  unitj;»  then 

Q=ttlp  (i) 

Nrtlier,  if  f^  h  the  time  in  which  the  water  fulling  near  the  pcrijihery 
of  tiic*  drainage  area  resiches  the  culvert  with  the  velocity  v^  and  /  h  the 
tvtfage  distance  which  thi^  water  travels^  then 

U 


IM 
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/  ^  r/,,  tir  V  = 


/ 


Hihstittilul  ill  i;([iuLti(Ki  (1),  wu  get 

<,'  = 

Aiiplyiiig  tliiti  k)  tin-  whok*  area^  (le8igijaU<l  by  i/,  antl,  a^  Tf/  is  thr 
etjtiaMle))tli  4if  mill  Himiii^  offMuriiig  tlie  .Htdmij  Miil>8tituting  tht?  him 
f),  wf*  ^c»t 


'. 


uihlch  sliimB  that  the  clist*hai^^  dqKiiKfo  on  the  depth  of  rainfall  nu 
ning  off  tijo  area  and  the  time  in  whieh  the  water  falling  at  its  jwHpli-" 
en*  r^aclieis  the  eulvt.Tt. 

[Kr|i]at]fm  (4)  niav  n\m  \w  iised  in  the  fbriii 

I/Mv 


9  = 


(4  I 


if  i  denot«5  the  length  of  tJie  river  and  r  ib^  mean  vehxsity*     In 
form  it  i*s  ven'  similar  to  t!je  forniida  of  Mt»  Dredge,  who  re#x>gui»iHl 
the  im|Mirtariec  of  the  htigfh  of  tlie  ri%-er.     He  derive<l  it  from  obeer- 
%*at](iii>^  at  twenty-s^n^rri  bridges  in  India,  of  al>ove  eighty  feet  i<pan,  iiiul 
aij^uniee  a  maximnni  rainfall  of  six  inehes  in  twelve  hours  J  ■ 

The  maximiim  diHcluirge  per  second  oeenrs  when  (=1^^  i,  e»,  when 
tJie  j^hower  eontintieH  at   leant  a.s  lung  v^  it   ta.kes  the  water  from  the 
water-rihed  line  to  reaeh  the  culvert,     Thi.^  nnbHtitnted  in  equation  i 
and  apptia]  to  the  entire  area,  gives 

q  =  Mil 

l^hould  the  rain  eontinue  still  longer,  Le,  i  be  greater  than  i,,  the  an 
^f  d^geJuifgef  however,  eannot  itierease;  therefore,  equation  (4)  or  {4  al 
iff  applimble  when  i  <  t^y  or  for  large  areas,  and  equation  (5)  is  applicable 

Mdien  I  >  /j,  or  fi^r  ^mall  arett^*    The  former,  then,  aj)plie!^  to  all  river^^ 

where  the  knowledge  of  the  fiu^tor  f,  is  all-ini|M)rUint.     The  larger  thj^ 
xiver  the  longer  the  time  t^  will  Ik?.   We  never  get  the  maximum  floajH 
^liseharge  before  tbe  niiii  has  cea^^^  but  in  the  largej^t  rivers  jim  nnieh 
ais  itevend  (htifs  ffmruffer.     The  im]>ortiitit  *lifferenee  between  thii^  in^^ 
atal  that  of  ^mall  areas,  where  ^^  is  not  consiilereci,  is  apjMirent.  ^| 

Major  Myers,  as  we  uudemtand,  t^>nfines  \m  formida  to  culvertJt, 
TherefiiiT   we   must    compare   it   with   equation    (5),   although    Mr. 


!hil&.  idn%  No,  3.]    Cleenhann —  Waki*-watf  for  (JithaiH. 
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la^xiatin  believe;?  that  there  sliouki  l>e  a  eonimon  fornuila  fur  both 
aee,  aiitl  coiinmre«  it  acctprflingly  witli  oWi-vation^  on  large  ^i^'ers. 
If  eatisfiietor)*  values  for  tlie  factom  M  and  d  can  be  8iil>stitiitecl  iit 
l|i]atioii  (5),  tJicn  it  must  give  the  ruaximuni  flooil  diai-harge  with  tol- 
lable iit\.'unu.y.  It  h  the  ibrmula  u?hh1  in  eities?  for  the  jimportioning 
m^m^n^  and  in  gome  f>arte  of  Europe  it  m  the  n^gidation  fornmla 
dasigniiig  ridvert^  under  railrosult^  and  n>ads.  Let  lis  see  what  can 
ejcpeotetl  of  it, 

Aj6*  M^  the  drainage  area,  h  dej^irt^l  in  both  thii*  and  Major  Mjerti* 
ibniiubt,  it  needs  no  further  nutitH.^  f/,  tlie  dej>th  of  niinfall  ac^ttially 
fuaniiig  i^tf'  the  gniuuil  [mt  i^»r<jnd,  dejKinds  on  the  Hi^mon,  the  section 
uf  thei^iuntrv,  ihegaiU^giiial  an<i  toj^xigrdphiml  feature^*  of  the  ground. 
Tlie  many  oljfiervatiuns  matle  in  every  eiviliKetl  muntr\'  of  the  amount 
of  rainfall  in  varion.s  Iwalitre?^  enables^  \i^  to  deternrine  dtreetly  or  indi- 
rectly the  pnil>able  maximutn  niinfall  witliin  limits  wlncli  are  close 
for  our  piirjiofcie.  Mr,  J.  B.  Franeisj  one  of  our  most  eminent 
lyitaidif  enginet^rg,  eompileil  a  table  from  an  extensive  Beries  of  obscr- 
¥ariuD^  of  the  great  Htonti  of  Oet<jber,  1869,  in  the  eastern  part  of  the 
Uoifced  Htatee,  whieh  I  will  give  here,  m  thit*  storm  Iiag  been  consid- 
emlu  fair  nmximnm  to  provide  for,* 

6"  or  more  of  rain  fell  over  24,431  sq,  miles. 

g"  "  "  «  1,824  '' 

9"  ''  ''  ''  1,046  '' 

10''  **  *'  "  519  " 

11"  **  "  "  179  " 

Thp  >itoriu  lasteil  about  30  hours,  but  abiut  one*half  tlie  tcjtal  quan- 
tily[>  R^jMiftixl  l>y  several  oljservers  as  having  fallen  on  the  Berx>nd  day 
(wIm'b  tln^  ground  waaafnmly  well  satunitai)|  witliin  two  ortliree  hours. 
liiWVhtngton  four  inehes  have  been  rea^rtletl  as  falling  in  two  houn*; 
iti  I'hiliublpliia  and  New  York^  two  inehcs  in  one  hour, 

Tlifr  prtjiJortion  of  the  niinfall   that  is  cvaporata.1,  abi^rl)ed  l>y  the 

«h1  ttiid  retainetl   in  the  fore^jt^  and  vegetation  is  more  ditGeult  to 

«>b6aiii,  jis  it  dejiendi*  on  lotml  eauacsf!  anil  varie**  enormously  with  them. 

_Sioul(l  it  be  iiiaid  that  the  general  ooettieient  of  Major  Myers  ineludes 

rffccti*  of  these  iurtueneeiSj  then   it  will   l»e  seen   at  onee  that  th*^ 

i^pti'tive  formula  is  only  applimble  at  thos^e  U>ealitie»  where  it  wim 
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Observations  have  been  ocensjonully  made  to  facilitate  our  judgment 
a^  to  what  amount  will  run  off.  It  is  found  tliat  in  summer  tlie  evap- 
oration and  ah&or[>tion  for  ninall  an^  amount  to  (rtnn  30  to  75  y^r 
t^nt  ol*  tli€  entire  minfiiUj  the  latter  especial  ly,  when  ibe  .showen^  are 
shortp  In  the  winter  and  spring  months^  wisen  the  ground  m  irozen 
and  PoveiTd  with  sm>w,  the  al sorption  and  cvaponitiou  ai'e  ve.*n^  slight, 
Jn  t]ic  Al|>s  the  nioimtain  j^ti'eams  ri»sc  and  iali  with  the  imipevahirr 
almtii^t  in  a  dirt^et  proiM:)rtion^  on  mx-ount  of  l>eing  nminly  fed  by 
meltal  i^now* 

From  various  re<*QiHJs  we  iind  tliat  aliout  10  ti>  50  i>er  eent,  ol"  the 
emnmer  and  fall  niiusj  or  50  tt»  100  |>er  cent,  of  the  wink'r  aiul  jfpring 
min^,  iuehiding  the  melted  snoW|  may  inmie<liately  nm  into  the  creeks^ 
dei*ending  on  the  tem|R*rature,  the  rainfall  itf^elfj  the  nature  of  the  ?**>!!, 
whether  el  ay  J  aand  or  rfw^k,  the  anion  nt  and  ehameter  of  the  vegetation^ 
and  on  the  general  sloj>e  of  thetlraiittige  arwL  But  even  i\\WQ  limitfi^  may 
Ik^  exeewJed  when  the  einannstantx^s  are  partienhirly  favomble^  and  it 
will  de|)end  on  the  exiwrienee  and  judgment  of  the  eng[n**er  to  R'leet  a. 
pro}>er  value  for  d} 

Although  a  elo?M3  a|>proximatioii  is  all  that  eaii  l>e  cx[K5t*tiHl  at  be3*t^ 
this  estimate,  if  tiic  engineer  U  at  all  eompetent,  will  at  Xt^^i  be  intel- 
ligent, and  a  grt^t  error  am  not  be  made*  And  he  will  never  \m 
relieved  of  exercising  this  juflgnieut  to  some  extinit,  ior  it  is  impo^i- 
ble  t(j  bring  geological  features  and  the  denmty  of  vegetation  dirt^-tly 
into  a  matheuiatical  form.  It  mui^t  always  remain  neecssary  tf>  judgt* 
of  the  partii*ular  aM^fficient  re]>rcsenting  certain  physiail  featuress. 

The  }>rol>sd»Ie  maximnm  dischai]^',  then,  iB  t»l>taitied  from  the  ai*ea, 
mid  from  the  ile[»th  of  rainfall  flo\ii'ing  off,  whieli  can  lie  estimated  by 
any  skillful  euginet^r  from  recortls  and  obscrvationa  within  a  degree  of 
aeenraey  auBwering  all  ordinary  pnrpi^isea. 

Anotljer  a[»[Jn>xinmtion  of  the  maxinimu  dii^tehargi*  can  l)e  obtaine*! 
indejKindently  of  the  rainfall  and  ai*ea,  should  a  HcHKl-mark  l>e  found 
Hiraewhere  in  the  valley  nt^r  the  site  of  the  culvert,  l)y  measuring  the 
area  of  water-way  at  that  pt>int  and  finding  the  gratle  as  near  aj^  jiossi- 
Ide,  in  order  to  enleulatu  the  mean  ve!<KMty- 

Having  determined  the  i>rol>able  Hood  diist4iarge  to  be  provided  for 
in  con?^lrncting  tlieenlvert,  !t8  dimenfiioib^  are  easily  obtained  as  follows : 

'In  Uie  tUowly  buiU-ii|>  sLt^Liona  of  i»ur  Eiwtem  4.*itieti  um^lialf  U\  llinje-quftrtera  nf 
tht?  TUiUiimuin  fkll  h  ostitiiiitfMl  X*i  iiLutiediati^iv  reii^h  the  t^ewerH;  in  the  Buburban  dlti- 
ict(^  fn^m  oniMjUftM^f  ttj  ane-half. 
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If  X  m  tii«?  wkltli  and  //  tha  lielglit  to  wliioli  tlie  water  nmy  inse,  mul 
rthepermiistsiblc  velocity  of  the  water  flowing  tli rough  the  culvert,  then 

.r  if  ^  — —  <  ii) 

r 

tW  value*!  to  \te  Hul*8tituliHl  being  iti  fret  ami  HCi-auds ;  but  the  formula 
i-  nearly  oorreet  as  it  hitanda,  if  J/  is  given  in  acrea,  tl  in  inches  p'r 
lurtirand  r  m  feet  per  c^eeoml ;  .r  and  1/  are  in  fectt. 

finiijiaring  i\m  formula  witli  that  of  Maj*  Myem,  we  find  thjit  his 
iinAiiTJt  In*:*  a  value  of 

r=l2l£  (7) 

r 

therrfore  h  resdly  de{KMideTit  on  three  variables,  aiul  for  whieli  only 
iiro  valiKi*  are  c?j)eeified,  naruetyj  for  flat  e^JUiitriei^  c  ^  1  and  for  hilly 
♦ijuiitri*.^  r  ^  I'G,  which  are  jsaid  tf>  apply  well  to  the  water-courses  on 
i\whw.i>(  the  Riehmond,  FrtxIeriekHburg  and  Potoniae  Riiilrond.  If, 
in  iulilitiim,  we  had  the  viducs  of  J/,  <l  and  v  of  the  ca^ie^  where  this 
Umnh  W31S  fcmntl  to  aus^wer,  we  would  l»e  able  to  use  it  intelligently. 

Iinirtler  t*i  euiupare  the  n*sulLs  of  the  fon unite  better,  the  fuUowing 
kt4iM\Tj^  prejiaretl,  whieh  netnU  but  little  eornraent. 

Faiming'H  tormula^  whicli  h  derivetl  from  <latat  collected  in  the  New 
I'^biid  an*l  Middle  Sfcitt^s,  hixs  been  midab  The  values  for  the 
vdijcitiiis  and  depth;?  of  niin  flowing  off  are  selectetl  within  entirely 
rwwumble  limits*  Tfiat  one  tneli  of  niiti  flowing  off  from  6400  aiTes 
"rlOfiijuare  niile.s  h  not  utireaHinable,  may  be  seen  by  examiniug 
Mt  Fmni-ih*  table.  Unfortunately,  I  have  not  Ix^eti  able  to  obtain  any 
4jBit*m>d  value  of  d  for  that  ?^ti»rui.  One- half  an  im.'h  Iuls,  bowevetj 
\mn  rr3c?ortled  m  running  off  from  1  i  sTptape  miles^  wliicli  would  reqiiirs 
Ifcy,  Myers'  ef>effieient  c,  with  a  favonvble  comparison,  to  be  16^  or^  ten 
tin«*  greater* 

Vw  can  ri^ulily  see  from  Uie  bible  when  Maj,  Myen^'  formula  would 
sBwwerand  when  not,  that  genendly  it  would  not  l>c  sufficiently  :*tife 
ft*  the  larger  areaSj  and  tliat  ecrtiiinly  a  much  larger  cot*rticient  would 
iM^iMsofiiiry  for  our  conditions  and  tlimc  of  New  England,  which  e*>a- 
tifaii  tlie  jnemai'k^  of  Mr.  Darraeh  mid  ilr.  Stauffer, 
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In  addition  to  what  has  been  said,  several  (wints  which  will  modity 
the  results  yet  remain  to  be  mentioned. 

The  calculated  height  of  the  water-way  should  not  be  above  tiie 
height  of  tlie  flood  water  in  the  valley,  for,  in  order  to  discharge  the 
maximum  amount,  the  whole  section  must  be  filled  and  the  wati'r 
would,  therefore,  have  to  rise  to  the  calculated  line  before  it  could  find 
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flit  I  dkJmrp:^,  wliieh  might  eaiHu  Hooiliiig  over  valtiuUh*  I  at  ids  or 
i-aikijj^^r  tlio  HtJibiUty  of  Hit*  embankmtitit  or  culvert  itself.  ThomfoiTj 
tJji«^fl«Kid  height  ?ihouliI  itv  nj^>ertauie<l  or  cr^ti muted,  ami  i-^nLsidertHl  a^ 
iJie  bdglit  of  Uie  .-Hftlioii  whicli  dtitermiiicri  ^  in  equati<>n  (6).  The  width 
i*ftk  culvert  1%  then,  the  only  cjiiftiititr  that  should  lie  sought  by  the 
fofrniila. 

If  it  h  mit  i'(*Up?ttlcrtKl  objwtioniible  hi  nii.sc  the  il^_HK.l  htMgfit  itt 
llie  vfAlvyj  theii  it  uuiy  Ije  advisable  tAf  give  the  euh^ert  ii  steeper  gruile 
whidi  will  inerea^^  tlie  vekR^ity  and,  therefore,  i-edinie  the  size.  It  will 
Wueoeaffliy  iu  nil  tayse?^,  Iiowuver^  to  liriirt  theljottom  vchHity  in  order 
to  prevent  any  wa'^liing,  ntilesfi  t\n-  tJie  siike  of  rethieingthe  :*ize^  it  tiiuy 
In t«ct>nomiiml  hi  artifieialty  pmi^re  the  bottom  aoconlingly. 

VhiUiever  tlie  veliMity  of  tlie  water  ii|)]>roaehing  tliu  eidvert  Ls  !ei^ 
iim  the  velixrity  Ho  wing  through  it,  M'e  nuL^^t  be  aware  that  tlie  latter 
I  mit  yet  be  attaiucid  at  the  end  section  of  tlie  eulvert*  On  a<^>iuit 
i*f  thtr  iHintraetiou  of  the  .stream,  ri^ulting  fnmi  thisgnidiial  elmnge  of 
vefodty,  tlie  arm  at  the  en  t  ranee  .shonhl  .strietly  be  inei*«ased  a.s  tire 
\^ociiy  dmrvw^i}^.  Where  thiH  (|umtion  ta  to  l>e  i^onsidere^l  the  w  ing- 
Httllii  tihoulrl  Ir*  jitueed,  in  plan,  isu  as  to  iK^ghi  rtusli  with  the  siiles  of 
tlj<?m!vert  and  giiwhially  widen  ihU,  but  not  mam  than  jnst  to  n«u- 
[M^wnU!  for  the  ehange  of  velocity.  This  is  fro<|nently  tloiu*  in  Kun*}>p. 
Tbi,*  lujBi*  of  i>ridge  piers  is  mo^t  properly  {h*Higucd  in  the  shaj>e  of  the 
mm  ir^ntnieta,  ancl  tlie  ptxuiliar  lieveling  uf  the  intra* h)s  eilge  at  the 
Uuuch  iff  arehed  hridges,  iui-reiirfing  tf awards  the  |Her^  as  we  find  it  in 
F«iKi6  t»|Hiuallyi  ha.s  ib^i  ses^thetit^l  jiL4tifi  critic  in  for  the  mime  cuiige. 

It  will,  iif  c!oui>ie,  dejieutl  entirt»ly  on  the  least  degrt^e  <jf  aef^nruey 
with  whidi  the  factors  in  this  whole  matter  t*an  be  olitainetl,  as  to  how 
far  inti)  t\u*  finer  eousiderutioiLs  it  will  be  reiLSouable  to  enter.  In  most 
fUNift  very  rough  appruximati^^nhs  will  have  tf>  dt>;  but  where  jHjpula- 
h"io  U  (HmiparativL'ly  large,  huid  antl  publie  works  are  valuable,  tlie 
Higintser  i^hould  study  chfeier  into  the  projier  jjroportious  of  his  works^ 
tW  he  ought  neitfier  to  waste  mxKney  by  nuiking  the  struetures  too  large, 
ii*ir iaiiL'w.*  great  risks  by  having  them  too  small. 
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THE  CONNECTING  ROD. 

By  Jamf>i  Christie,  Mech.  Eng.  Corresiwndiiig  Meml)er  of  the  Club. 
Head  April  I9th,  1879. 

In  a  re<!ent  work  by  Prof.  Marks  on  the  Steam  Engine — on  the 
.sulgect  of  connecting  rods — we  are  given  rules  for  calculating  the 
proper  diameter  of  this  member,  to  resist  the  strains  to  which  it  Is  sub- 
jected, and,  in  a  foot-note,  are  told  that  experiment  does  not  show  any 
increase  of  strength  by  swelling  the  rod  in  the  middle,  and  are  to  infer 
that  a  uniform  diameter  throughout  is  proper.  It  is  to  be  presumed 
that  this  statement  is  based  on  experiments  on  pillars,  reganling  which 
our  knowle<lge  is  very  incomplete,  especially  on  long,  solid  pillars, 
whose  ratio  of  diameter  to  length  bears  some  resemblance  to  the  average 
connecting  T(x1.  Now  the  experiments  of  Hodgkinson  do  show 
such  increase  of  strength  to  the  extent  of  12  to  16  per  cent,  by 
swelling  the  mkldle  of  solid  round-ended  columns,  and  such  advantage 
would  seem  reasonable  from  an  examination  of  the  theory  of  flex- 
ure of  such  columns,  where  the  |K>int  of  greatest  flexure,  as  in  a  solid 
l>eam,  will  be  found  in  the  middle  of  the  length.  The  practice  of  our 
most  eminent  mechanical  engineers  has  been  to  make  tlie  crank-end 
neck  of  the  nxl  greater  thau  tlie  crosshead-end  neck  and  the  cross-sec- 
tion at  middle  of  rod  greater  than  either.  In  fact,  in  extremely  long 
rods,  trussing  of  the  rod  in  the  plane  of  its  vibration  has  l)een  advan- 
tageously resorte<l  to,  the  member  being  thus  stiffened  in  its  mid-length 
at  the  expense  of  jui  increase  in  the  longitudinal  compression.  Th<» 
writer  believes  this  practice  to  be  correct,  to  be  in  tuxjordance  with  theory 
and  found  a  ntK*eK<ity  in  practice,  and  will  give  his  rejusons  for  this 
l)elief. 

A  conneciting  nxl  under  (x)mpression  acts  as  a  strut,  with  round  ends 
in  one  direi^tion — in  th(»  plane  of  its  vibration — and  square  ends  in  the 
other  (lire<?tion.  For  a  uniform  circular  cross-section,  it  would,  then^ 
fore,  be  alK>nt  three  times  stronger  in  the  latter  than  in  the  former 
direc'tion,  and  the  practicxi  of  those  constructors,  who  make  their  nnls 
of  a  rectangular  section  wider  in  the  plane  of  vibnition  than  the 
thickness  in  the  other  direction,  is  corretrt. 

But  w)nipreft8ion  is  not  the  only  strain  acting  at  one  time  on  the  rod. 
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it  iii  fiubjei't  to  veiT  peculiar  liending  strains,  which  are  irregular, i^h if t- 
ing,  ami  whrie^  ecmibinetl  effect  is  to  pn.xluc€  tremors  in  the  body  of  the 

J.  A  nxl  may  he  i^<j  weak  in  tlie  body  tliat  thr^e  tremors,  wliile  ri<it 
ptminij  acHuil  destruction,  nmv  impair  it^  effitdeiiey  and  esuise  abjutr- 
id  wi-nr  at  ita*  ^*onnec*tiong. 

Thoj^tniiiKi  to  which  many  part*;  of  mat'hiTiery  are  sut)jf?f^te<l  are  si\ 
Hmy\,  and  liable  to  ^simnhanecni*^  action  iT»  different  direeticitis 
that  riidr  jJTOfier  Hummati»m  has  always  Iwen  a  difficult  ta^k  to  thi* 
tnpHeer^  anti  wc  find  the  deductioiLs  of  emtuent  analyi*tej  not  only 
iinfliftin*^  hut  even  unwarranted,  conrndertng  our  pre^sent  liinite^f 
iHwliilgi^  I  if  molecular  re^iHtJuires  t4i  (xinipound  ^tiiiinj^.  Ah  an  exani- 
ilff  i^  tlie  difficulty  of  obtaining  preelg*^  resultej  let  us  observe  the 
IniriiHi*  fomes  actin|r  simnltanetmsly  nr  in  rapid  tH>ntinuity  through  thu 
UmiifH'tin^  r«Kj* 

llii*  bniial  ctmiprt'^sion  k  slightly  iucnsii*Ld  at  mid*atroke  (imially 
tlwHi!  h  \n-v  i*cnt.)  nwiuir  Ui  the  de%'iation  of  the  rod  froro  the  din:ct 
inec^r  thrust,  aiul  ag:iin  at  end  of  .stnike,  due  t<j  tlie  reta^Hk?*!  vehx-ity 
jftlu^TO*ipri»mting  part>i.     As  at  the  latter  [Kilnt  the  steam  pn^swure 

iLMuilly  nmeh  n^^duanl,  the  effett  of  iR-eolertition  nm  lie  disre^ardtiJ, 
Jiirinsj  the  aljove  i»eri<»d,  tfie  ro<I  ij^  Hubject  to  bendiiiic  ?^tminf? ;  iiitst  in 

^Mlirur'tiiHi,  chie  to  R^istan*?c  to  im^ix^Li8ti  of  veloeity  from  the  l>eginning 

«iid<IIc  of  sstriikc,  and  then  in  the  other  dirwti on ,  due  to  retariled  velo<*- 
ty  from  mid-strnke  to  the  end  uf  str(»ke,     HimnltiineiiUKlv  there  i^  a 

mtiiujoiH  landing  aeti<in,  nuLstNl  hy  i\w  frittion  of  tbt.'  crank-pin  rin 

iFbftirinp^,  and  an  irregular,  variable  ben<Ung  strain,  esiUKe^l  by  fric- 

frm  at  eri*ssltf>ad-pin.    As  al  I  theisi.'  Ijendfng  fonM^js  act  in  the  plane  of  the 

iijmtioii  *jf  tile  hkI,  they  adl  for  jewelling  wt  widening  of  the  njd, 
(feiiTpr  tJif*  crank  than  the  en^iisheivl-end,  a  slight  increase  at  cnjRshetwI- 
Jitl  OLH'k,  iin<l  a  material  iiicrwLH^  at  crank-end  ne-k  oviT  and  alwive 
till'  |in>j«irtiiins  roipured  U\  ri^tist  cranprcssiun  alone. 

The  maximum  Ix^nding  momenta?  dnc  U\  suxTtUeiiitionj  will  be  fonuii 
ihmtotuMhird  of  the  length  frf>m  cnmk-cnd^  and  tlie  max  in  nun  l>endin4^ 
n'«ji(3nt  due  t<»  friction,  at  the  neck  next  cnink.  The  efficts  of  the 
Eriiiion  nt  the  ciinneetions  on  tfic  r\M\  wyv  very  jKH-uIiar  ami  worthy  nf 

a*ly  by  itnne  who  dtwire  to  obtain  a  cleur  knowkilge  of  the  subject. 

The  writ+*r  has  no  knowlixlgc  frf  any  analysis  of  the  stniins  exercistil 
0"  tliii!'  friction,  iuid  it  is  the  pnr|wxs<.^  of  this  i>aj)er  to  avoid  any  tinliouH 

loatioim^  Ui:*ing  only  geiu^ral  and  approximate  term^. 

8tirtui|f  at  bejrinnini^f  of  stn)ke  wntJi  rod  in  f^un])reH»ion,  arid  !*n|H 
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pcising  that  cmlik  luiti  crt^i^hiiati  \nim  an^  of  naine  ditiiiieter  and  haviJ 
c<}uai  friction,  the  frkifcioii  i>f  tlit*  two  pi  as  vv^imid   pnMliK*e  a   In^m 
wlum  (ui  the  nnls  in  opjKisitt;  diriK-tioiLH.     In  u  yaA  uf  unifunu  ?h3iHj(>u_ 
tliii  tjuudency  of  thi.s  couple  wuu Id  lie  to  give  a  dcaible  eurve  to  tlie  im 
liavhig  a  [Miiiit  of  eontmry  flexure  at  the  middle  uf  its  len^tli,  autl  t' 
jwiiafe  *jf  ^n^iitast  flexure  al»Hit  oiie-ftmrth   of  the   leiigtii   i'roni 
end.     As  the  pistuii  udvaiicHs*  in  it8  stroke,  Uie^>  [Kniitsof  flexu!\*sdi 
until  at  niid-f>troke  the  [»oint  of  c^jutrary  flexuit;  vaidshoi  at  the  en 
heiiil-eiid,  its  tlie  frietiou  hits  fjcai^^I  at  that  end,  the  frietion  at  erai 
pin  ijnly  aetiii;^,  wouhJ   pnxluee  a  point  of  great ef>t  Kexure  vcty*  mi 
Uiat  end,  and  whiclt  in  praetioe  we  mxi  cxjiisider  cvineentntted  in 
at^tion  on  the  iTrunk-^.^nil  nwk  r»f  hkI.     From  tnid-ntroke  tu  tfie  i' 
the  friction  of  hotli  pins  act  %m  the  ro*!  in  tlie  Kune  diret^tion,  tendi] 
U)  jirtKliu^*  a  f+ingle  <Hirv(%  which  at  the  end  of  stroke  wouhl  \w  uni 
with  \m\\t  of  gmutt^^t  flexure  ut  tJie  middle  i*f  th**  nxL 

No  doubt  ttie  trcm(»rs  in  eimiaHting  ru<l  bixlies,  which  arc  very  v 
lent  in  long,  vrmk  hk]^,  arc  not  .so  much  due  U>  the  altt^mate  Usmki 
and  corujirei^ion  as  to  tJK*  sliifting^  irregular  nnduhitiouf^,  caUi^Ht,  a^ 
j^tatt^i  aljovei  by  piu  frictiuu  and   h\  a<!celemtion.     That  the»e  stmiii!^ 
art*  not  inslgniHcsuit  luidcr  tlie  high  pn?isures  and  !*[>eeiLs  whicii  ir*  the    ^ 
rule  rather  tlmii  tlie  cxi^^ption  nowadays,  let  \m  take  £Ih  an  illiiHtratil^l 
n  32  by  48  inch  euginc,  making  eighty  rt^volutioits  jM*r  minute,  nni!4?^^ 
}ta  initial  pre-^sure  of  -sijventy  ptmnd;^  per  :^uaR*  inch,  au  instantu*  tlmt 
i^  within  the  daily  cxj>erieiu?e  of  the  writerj  and  assuming  tlic  friettou 
at  onc-twenticth  of  pressure,  length  f»f  ro<l  at  It)  fct*t,  wciglit  at  ItKMl 
[Njund:^,  ertuik-[un  6  iufthc*?  diameter,  :^imultiinwjU8  Avith  the  tliroet  cotn- 
prcs^ion  i^f  56,0(X)  fiound)^,  there  would  (K^nir  twice  during  the  j*tnike 
a  maxinunn   bunding  monient  *if  ^7tH>  ft,-ponudj^  due  to  jictielenitii 
iind  at  mid-«troke  a  iKMidiiig  monuuit  lif  f>3n  t*t* -pounds  at  the  <^mnl 
cud  neck  due  to  emnk-pin   fric»tion.      To  .sumniariisij  tlie  joint  actii 
of  tliese  l)ending  and  tiomjKrcEwivc  stniiuH,  vre  can  only  take  the  rn!*^^ 
given  l»y  Rankine^  W^'cislKiiJi  and  othiu>i ;  Ijut,  as  i»efore  stated,  wc  havt* 
mi  experimental  kuowli.*dgt>  n-gurding  their  u^-tual  cHeet, 

They  demand  a  rod  swelled  in  the  middle,  or  widened  from  a  |Kaiit 
nithcr  nearer  the  cnink  than  the  mithlle  of  hkI,  and  the  neck  next  erank 
largtT  thaji  the  oppo.site  nec^k,  agreeing  with  the  general  j>nrptirtion.H 
cited  pre\'iously,  A.h  a  f^>m[iarijson  I>etwecn  the  strength  of  pifitoit 
r<.Mls  Etnd  eonna^ting  nMl-s,  the  writer  gives  U^low  two  t^scsof  landing  of 
pij^ton  rodn^  due  to  impact  on  water  between  piston  and  rear  cyl 
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1,  the  nsaction,  of  c«jiii>h.\  pacing  i^iially  thrnugli  the  roiuKxittiig^ 

,  whicli  ri'^iiainotl  iintmpain^] .     Tlie  Ijeiid  wa^   very  Blight;  Uit^ 

i  IjeiDg  i^traighU^'TKil,  a  cut  turm"<i  oft*  their  rliiuneter  mu\  re|)i{i(X'ih 

Eo^ine  Vi  cyliiiflor^  "M  !ii*^li  ?*troko,  \mtnn  nui  2^^r  *liiuueUn%  Iwitl* 

laf  Cijtiriectitig  rod  2i  iiidie.-i  diameter,  swell  at  middle  of  nid  3i 

[ii?<  ilium eter,  Ittugth  of  nnl  7^  fi»et. 

-Engine  19  inch  eyliiideri  48  indi  .stroke,  jii,»iti>[i  rod  H  indies  tllam- 

j'koth  neck;^  of  coniiectiiig  nid  2  J  diuiueter,  swell  4  J  iiicht^s  diuiii- 

r,  length  ^  10  feet,  all  of  wnnight  iron. 

The  liitt^^r  engine  Ls  ^ev^erely  faxed  making  W  rt^vuhitions  |rt  jiiimit** 

uler  iokial  |inL>srfure  of  70  [lotinds  per  riquai'e  inch.    The  work  In  very 

w**'i*r(%  dfiv-i n|x  a  rolling  mill  prtMlueing  lar^  .seetionH  and  long  harM> 

It  will  Ik'  oli?4erved  that  both  neeki*  of  latter  (connecting  nnl  are  smaller 

tWii  the  piston  riKh    Owing  to  our  large  tmctor.s  of  ssifetyj  the  iuiinn'  *4* 

[Mirttf  of  engines,  under  their  uormal  atmin^,  is  very  rare.     The  ahuve- 

m<*nlifmetl  iii^tanecs  are  isnlated  one?s  and  not  e(in<*lnsivH',  hut  the  (pn^s- 

Um  laight  hi*  niii^etl :  i^juld   not  solid  enlnmns  Ik*  mue[i   rwluetxt  a* 

tnnlA  eoritigmitii  to  tlieir  Inm^  without  tnjniy%  providing  the  etuh  urc^ 

Jl  i$up[itirt6fif  ati  tJiey  are  neeessarily  at  the  rttnlnend  of  the  cHHURMt- 

nid,  whieh   [Niints  wi»uld   Ih^  the  most  likely  U)  luil  in  a  ?^jUare- 

uM  »trut. 

niot^haiiti^l   engitieen*  are   indubteil  to  Pmfess*or  Murks  tor  his 

valuable  f^mtri  but  ion  t«  their  literature;  for  though  nuHnuueid 

1  ftlway.s  have  been,  ami  will   be,  goveniwl   nioix*  by  pix^^etlent 

I  adfjulation  in  the  designing  of  r^tc^tn  engines,  yet  they  are  contiii- 

imII/ ctilDd  npon  to  ili^ign  mjiclnnery  for  whieh  there  in  no  ]>ree<Hlent, 

^adfor  tite  student,  his  nuri^t  ffjundatioii  is  e?cjw*t  knowltMlgt*  of  prjn- 

ploi^  asi  a  preltmitiar}'  to  praetioe, 

IV  tdtimate  iH.>ni[>reA'^ive  rasistanw  of  wnvuglit  iriMi,  .'Uj*KK)  [Httuids^ 

^scjuare  ineb»  iLsed  by  Proteiisor  Marks  in  his   numeruns  exumpli'^ 

much    to*>  low,  and    iendn   Uj   nii^leail ;    why   the  early   exjK^r- 

I  obtained!  sntih  re^nlbif  it  i*  diHioidt  t-o  sjiy,  but  niinlern  exper- 

'f  on  our  own  metals  give   neiO*er  ati   average  ot'  50,(H)()  |Miunils^ 

hi  a,  basis  of  45^0t>Ll  pounds  will  Ixj  safely  witliiu  a  [>n)per  limit,  with 

lisliistic  liuiit  of  25,0<M)  iKtmids,  and  average  niwhilus  of  eympref^^ 

M^lantieity  25,000 ,<-K)0  poumk 

Till    tV-rti>r  of  i^fety  prop*ic*ed,  viK, ;    10,  may  seem  high   to  tht^rtc- 

Allied  to  proportion  the  moving  part«  of  machinery  in  harmony 

i  ipplied  strains.     But  if  we  accept  the  conelitsiomf  of  Wohler  and 
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■others  in  the  wise  of  mpid  reversion  of  strains,  to  which  many  [>i 
of  maehinery  are  subjected,  then  the  sum,  and  not  the  *rreatest  ah)n€ 
tlie  alternate  strains,  is  the  measure  of  dunil)ility.  This  wouhl 
resolvwl,  in  referring  to  the  rec;iproeating  parts  of  engines,  to  an  act 
faietor  of  5  instead  of  the  nominal  fa^^tor  of  10 ;  wliere  extra  str4 
xxwil  stiff  miehincry  is  rerpiired  thLs  factor  will  be  found  too  low. 

The  writer  has  found  good  results  from  the  foUowing  factors 
ma<*hines  of  ordinary  strength .     When  l(xa<ls  are  contimiously    i 
ovenly  applied,  5;  when   impulsively  or  suddenly   applied,   8;   i 
when  suddenly  reversed  in  direction,  10. 
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THE  WATER  SUPPLY  OF  PHILADELPHIA. 

By  CiiAS.  i\,  Darkach,  C.E.,  Moniher  of  the  Cluh. 
Read  Ma,y  M,  187J). 

This  subject,  although  luickneyed,  is  still  a  fruitful  source  for  thoujE 

Fn>m  the  time  of  Franklin  to  the  present  it  has  been  discussed 
many  able  engineers,  which   makes  the  writer  cmve  your  indulgei 
;jisk  you  to  bear  [vatiently  with  his  remarks  and  criticise  without  rese 
hiH  suggestions. 

The  two  nu^ms  for  a  water  supply  are  pumping  and  gravity, 
the  pn*sent  <rasi»,  that  of  our  own  city,  pumping  is  the  chea[)est,  ; 
the  only  rcjuson  for  suggesting  a  gnivity  supply  is  the  fe:ir  of  the  <: 
tsimi nation  of  our  rivers. 

The  Schuylkill  river,  of  world-wide  fame  lus  a  source  of  i>otii 
water,  would  Ihj  all  that  could  be  wish(?d  were  it  not  for  the  scirdff 
the  city  itsc^lf  and  that  of  the  other  cities  and  towns  upon  its  tributai 

The  protection  of  tlu»  waters joursi^s  should  be  made  the  subject 
wise  legislation,  aiul  engineers  should  be  tiuight  that  a  system  of  s(»\^ 
:jige  admiRsible  on  the  sealxwird  is  not  only  nnwist^  but  criminal  w 
applic<l  inland.  When  the  large  strciims  and  rivers  are  t'onvei 
into  sewers,  where  will  we  find  locations  of  prote<*teil  drainage  : 
stonigi;  for  those  cities  whose  suicidal  [M)licy  has  <lestroyed  their  nati 
source  of  water  supply  ? 

This  (juestion  is  one  which  presents  it*H^lf  even  now  to  the  hydra 
engineer,  and  year  by  year  becomes  more  difficult.     If  the  Schuyl 
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|>rototiid  from  tiie  i^ewjige  tif  the  erties  on  it  and   PhiladelphiH. 
id«l  widi  a  .system  of  interLt^ptiiit^  t^^werg,  the  thought  of  ii  gravity 
fipply  would    tiot  for  a  njuiiieiit  be  eiittirtainecl,  involviug  as  it  (kK>4 
amtt^mphited  ex|»euflihim  of  ruillioiH^  m  well  a^  the  ilt^struetiou  i»f 
mmve  Wiirk*?  whicfj   now  pay  a  revenue  of  a  nilllioii  and  a  half  of 
M*ey — about  thret*  hnuflred  per  ceiit^  of  their  total  ninuing  exjienj^^ 
utaiJiten^ya:^*  of  the  Department, 

We  are,  how^ever,  by  mi  niexiui*  eertain  tbut  f*ueh  legi^hitiou  mid  pru- 
mn  ean  lie  obtain wl,  and  it  lx!f*>uies  an  all-iiujwrtant  question,  in 
'  |>rv?*ent  exjicnditure  of  money  and  in  the  denigiiing  of  iu*\v  w<»rks^ 
It  thev  .<ball  t>e  in  liurruony  w^ith  any  plan  that  may  in  the  future  Ut 

(iptwh 

Gravity  m  a  means  of  anpply  \vm  first  ^ugge^te*!  fnnn  the  Wis^jv- 
rkifi  by  Fmnkliu,  whieh,  Ijiul  tlie  i)roje(^t  been  adoi>tal,  won  hi  have 
HI  ^uffirient  in  quantity  until  the  la^^t  few  years.  From  time  to 
m  tlifFereiit  »iigg<^ioiiH  have  been  niade^  and  the  various  siimll 
tmui^  in  t!ie  vicinity,  as  well  as  the  Delaware  river,  have  in  turn  had 
kt'ir  obiinipiHa.^,  Among  others,  it  hua  l)een  suggej-ited  in  bring  tlie 
of  the  Delaware  by  gravity,  hi  a  tK>ndiiit  100  rnilcB  long,  from 
ttkeWHterGap — in  an  air^line  70  mileB  dii<itaut.  Thit^  is  the  IjchI  of 
tht!  I  Ma  ware-river  schemt\Sj  since  one  phiu,  uuikiug  New  Ho|>e  the 
fi&itk]  (loint,  and  the  other  Yanlleyville^  both  require  j>uniping — tlic 
Wi  by  ffteam  jiower  at  the  city,  tlie  titlier  by  water  [Kiwer  at  New 
Hope.* 

Hw  moet  f«isible  plan  wns  suggested  by  Mr,  Birkinbiue  in  1865, 

wit  it  hm  not  Ijceu  develojied  either  as  to  the  actual  ItKmtiou  of  the 

oBiduit  line   or   tn  the   adaptation    of    the  diBtribntiou  to   the   eity 

»uppH\ 

In  1865>  under  the  direction  of  Mr*  Birkiubine,  the  drainage  area** 

II  the  av^ailable  streanm  were  determined,  their  meritt^  diwu?i^xl 

|m_liminar)"  .nurveys  fc^r  the  proponeil  follw-ting  anil  j^toiiige  lake 

imltlit*  eonduit  line  were  made.  The  comraiAHion  of  exi^rts  api)ointed 

i>y  tlu'  Mayor  in  1875  examint^d  the  subject,  din?ete<l  |»reliminary  .sur- 

^'»^"Siiik1   Mr.  Win,  J-  Me  Alpine,  one  of  their    mimluT,  ^ubmittei^ 

^njaa*!*  tor  the  eorapletion  of  the  w^orkj  eompari?^u  of  eost,  proliable 

'Tbt  Kurfntv  Iff  Ui<?  Di*|ttWJire  river  at  the  Wat^r  (jnp  1»  .     289  dtr  datum. 

At  New  n^jjie,  *  .  ^  *  .  40      *  ^* 
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size  of  coiitluit  and  the  required  storage  to  tide  over  tlie  months  of  least 
rain-fali  and  maximum  demand. 

Since  this  report  otlier  data  have  been  collected  upon  which  we  can 
base  a  closer  estiiujite  of  the  supply  which  may  be  obtained  and  how- 
it  (-sm  Ih»  distribut«l. 

The  Demand. 

The  amount  ret[uirtKl  for  the  futiu^  wipply  was  determined  by  the 
ex|)erts  to  be  200,000,000  of  gallons  per  day  for  the  entire  year.  The 
present  daily  avenige  for  the  yejir  is  55,000,000  of  gallons,  jiml 
for  the  month  of  July  66,0(X),000.  Quoting  from  the  report  of  the 
Chief  Engineer  of  the  Water  Department  for  1876,  we  find  that  "from 
1810  to  1849  the  pumpage  increased  at  the  nite  of  43,6(X),000  gjillons 
per  annum,  and  from  1849  to  1876  at  the  rate  of  540,000,(XK)  gallons, 
or  more  than  twelve  times  as  much.  In  the  eight  years  from  1854  (the 
year  of  (^nsolidation)  to  1862  the  pumpiige  doubled.  The  pumpage 
will  again  double  in  1878,  or  in  16  years,  and  by  their  ratio  after  1878, 
in  32  years,  or  in  1910,"  continuing  this  ratio  in  64  yejirs,  or  in  1974. 

In  1854  the  daily  average  was  about  .         .     12,000,000 

"   1862                "                    "  .         .         22,000,0(X) 

"  1878                ''                    "  .         .     62,000,000 

''  1910                "              will  be  .         .       104,000,000 

"  1974                "                   "  .         .  208,000,000 

The  following  table,  taken  from  the  actual  experience  of  1878,  givos 
the  ratio  of  monthly  consumption  : 

January,  85  per  cent,  of  the  daily  average  of  the  year. 

Feb.,        76       "  " 

March,     90       "  "  '' 


April, 

101 

May, 

105 

June, 

108 

July, 

120 

August] 

,109 

Sept., 

.112 

Oct., 

106 

Nov., 

95 

■Dec., 

93 
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The  Supply  by  GftAViTv. 

The  table  |>re{mreil  by  Mr.  Mc Alpine  t-o  determine  tin*  rts|uir(Bd 

Huraire  iji   the  collecting  lake  wi^s   bn^twl   ijfM>n   u  rain-fall  oii£*-fifth 

greater  tfmn  tkit  of  1858  in   Philadelphia,  whereas  the  niin^fall  at 

Lpbiladdphia,   Retwling  imd    Ij^^Uinou   for   I87H  t^Kni>are8  with   it  as 
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Fi>r  the  entire  year,  47*85     44*72     37  23     36*46 

For  .riily,  Aug"  ami  8tpU   934     1156       6*65       4*14 

Table  A. — /r<c7w^  of  RnlnfalL 


Philadblfiiia. 

RKADlNa. 

Lebanon. 

MiiXTHS. 

1K7H. 

187M. 

1«7M, 

J«ni]An\ 

457 

5*01 

S47 

>Vhniiiry, 

275 

2*17 

$-m 

2-76 

Miiit-h. 

1        vm 

:i^U 

H44 

a-Hi 

April. 

557 

2'h4 

2-75 

a"tt2 

Muy, 

nm 

4m 

:<*4H 

h'VI 

Juut, 

JI-4II 

4*75 

2'7H 

a-Ho 

July, 

1-B2 

5iJl 

I'tW 

1*24 

4(ip«t, 

-vaH 

4*83 

184 

liW 

^rtwiiiM-r, 

1'71* 

r42 

a*  18 

*91 

»)ciijWr, 

221 

2*39 

3-74 

a-aa 

Jfovejiil»rf^ 

«"4 

2^89 

2*63 

2-m* 

l)*wnber. 

6-40 

4-87 

.       '-'' 

.^■02 

Totnl, 

47'a5 

44*72 

37*2;i 

HH*4*i 

XiiTiL— Tiliwrvfiltottci  of  minfiJl  at  Philmlelj^liift  were  Uiken  at  +  ^5  eitj  dAlum. 
^iilg,  *  ...  +250 

I*hincii,  .....         4500 

^ifetitutitig  the  rain  fall  at   Lebanon  in   1878  in  Mr.  MeAlpine*8 

mk  B^  we  lind  that  for  a  daily  average  coiLsnniption  of  150  millions 
***  piNoiih  per  cUiy  the  storage  required  i^  12*097  millions  of  gaUons^ 
We  C),  and  not  7057  millionf*  (tiible  B),  and  a  sUmige  of  18*804 
OiiUioiig  fur  iin  average  eongumption  of  20t»,000,000  of  galhuis?  jkt  tJay. 

*  Krt]  muted  at  une^flRh  greater  Ihaii  n^cortlecL — See  table  B. 


1  <)6  J)ai*rach —  \Vater  Supply.  [Proc,  Eng. Qdki 

Tc»  provide  for  this  storage,  ;ind  to  elevate  the  conduit  that  it  nagf  I 
deliver  water  at  an  elevation  of  170  city  datum^  will  require  a  yay  | 
high  dam  if  hx^ted  at  Schwencksville. 

That  w^e  may  avoid  this  crontingemy  and^  at  the  same  time,  atOic 
the  entire  draimige  area  above  Schwencksville,  an  interoepting  c«t 
wuld  be  built  around  what  would  have  been  the  edge  of  the  proponl 
wUccting  lake,  and  dams  built  a(;roK8  such  valleys  as  may  be  utiluri 
iV>r  storage  and  sulisidenw. 

A  dam  either  at  (rreen  I^ane,  on  the  main  **treHm,  or  one  on 
Swamp  Creek  above  the  village  of  Zieglerville^  would  be  sufficient 
to  store  all  the  water  recjuired  for  tlie  summer  months ;  a  dam  at  either 
of  these  j)oints  would  collect  all  the  min-fall  on  one-third  the  entire 
drainage  area  alx)ve  Schwencksville ;  and  all  the  Water  stored  by  these 
dams  could  l)e  used,  as  the  l)ottom  of  the  valley  would  be  above  the 
elevation  of  the  conduit  or  collecting  canal. 

The  amount  wllet^table  al)ove  either  of  these  pro{X)sed  sites,  calca- 
lated  from  the  same  data  as  table  C,  is  as  follows,  c*onsidering  TX 
square  miles  the  available  drainage  area. 

Jan.,       4-1 60  "I 

M  rch     3-340  i  ^^^  ^'^^  months  the  other  two-thirds  of  tlie  totel 
A  ^^i ''    b'ft^*^  I         drainage  area  is  sufficient  to  keep  uj>  the  suppty. 

May/     3-446] 

J  line,  ^ 

July,  1  For  these  months  the  entire  arcji  is  not  sufficient  to 

August,  [         keep  up  the  supplv. 

X-     '        onoA  (  l'^^>r  these  months  the  other  two-thirds  is  sufficient 
Dec,      4-706  j        ^''  ^"^^^  "P  *'^^'  J^upply. 

27*251  =  the  total  amount  that  can  bo  wllected  from  one- 
third  the  total  dniinage  are^i  to  be  drawn  upon  during  the  months  of 
June,  July,  August  aud  September. 

This  plan  would  destroy  neither  the  niilroad  nor  valuable  j)roi)erty 
which  liius  sprung  up  in  the  valley  since  the  projivt  was  first  suggested, 
and  which  has  been  urged  agjiinst  the  gravity  plan  with  some  fonx?. 

The  elevation  of  the  dam  and  the  IcKiition  of  the  (»onduit  depends 
ujKUi  the  distribution  of  the  water  in  the  city.  Care  should  be 
taken  to  prevent  the  extra  expense  of  j)uniping  to  any  but  siiarsely- 


.im,Jf 0.^.1 


t—  Water  Supply, 


iokbited  mul  limited  high  dbtricts,  and  ti>  utilize  the  r^rvoLrs  and 
mmm  In  t^xi stent'*?.  » 

All  exainiiiiitiuii  uf  the  topography  of  the  city  develops  the  fact 
that  hy  far  the  greater  area,  and  the  thickly-pijpukt^d  and  grow- 
fftj,' <l(i5trift^,  are  below  an  elevation  of  120  feet,  oity  datum.  Fifty 
fetidK>ve  the  curb  is  the  minimum  tliat  should  Ijeallowal  for  a  proi>er 
ttipply.  Such  an  atlo\mnee  would  make  the  city  distributing  r^er- 
voirs  170  feet  city  datum;  adding  to  this  30  feet  for  the  grade  required 
ty  theainduity  makes  the  minimum  elevation  of  the  coUeeting  ra^T- 
mn^  200  feet  city  datum, 

PROPUBEIJ   COXDUIT    LoCATlQK, 

The  i^jnduitp  starting  from  the  collecting  canal  or  reservoins,  leaves 
the  Ferkionieii  Valley  above  CoHegeville,  crosses   under    Evaiisville 
with  a  tunnel  ff*ur-tentlH  of  a  mile  long^  to  the  Skip  pack  Creek,  cross- 
ing which  it  foliowi*  a  direct  line,  by  a  tunnel  4  miles  long,  to  a  branch 
[of  SUmy  C'rL*ek  alx>ve  Xorri^town,  pas^iing  back  of  Norristown,  witli 
work,  over  the  waters  of  Stony  Creek,  Saw-mill    Run,  Mogee 
rt^^eek  and  Plymouth  Creek,  and,  by  a  tunnel  three-fourths  of  a  mile 
j  ''"'gi  ^'*t**  fhe  valley  of  the  Wissahiekon,  thence  to  the  terminus  in  the 
|t*ily«     Facing  back  of  all  the  towns  on  the  route,  and  avoiding  the 
kmg  detrmr  made  by  the  river,  the  distance  is  shortenetl  from  liS  to  27 
nitleH. 

The  cost  of  the  long  tunnel  is  fully  comjiensated  by  avoidmg  the 

I  txpeiiaivi^  route  below  Xorristown  on  the  rtver  n>ute,  the  short  line  and 

[the  thf't  Uiat  no  heavy  exjiensse  is  incurred   by  eonstructive  damages 

|oor  aiiy  danger  fnmi  infiltration  of  sewage,  l>oth  of   which  would 

le  tina voidable  if  it  became  neccssar)^  to   pass  through  any  of  tlie 

towns  tipm  the  route. 

Tbe  hKsitkin  describiKl  may  be  determined  from  the  surveys  made  in 
Il865  by  Mr<  Birkinbine^  and  those  made  in  1875  by  the  ^vr iter,  under 
[the  dirw.tion  uf  th*'  Board  of  Ex[jert8,  altliuugh  the  ;5ur\'eys  of  1875 
I'lmki^l  In  tlie  East  Park  reservoir  a*^  a  term  in  us,  at  an  elevation  of  but 
|l*yi  f«?et,  L-ity  datum  J  sustjiining  groimd  for  this  route^  and  a  ccmduit 
Iddivt-nng  at  an  elevation  of  170  feet,  cify  datum,  can  be  obtained  at 
iter  eosst, 

12 


168 


Darrack —  Waier  Supjdy^ 


[Proc,  Eng^Ou^ 


Tub  Dirtribution. 

By  clivifliiig  the  dty  ijito  district  in  liarriiOEy  witJi  the  topogm{^ 
und  existing  reflervoirs,  ati  equable  range  of  wBter-preasmi^  ma  be 
niaititained,  und  the  thrw  systems,  each  of  about  an  equal  ar^  of  Ak- 
tribiitjon,  are  develojK^tL 

Tlie  firj^t  system,  whieh  at  present  eonsumes  the  mo^t  water,  i^^ 
approximately,  all  the  ai*ea  of  tlie  city  below  a  curb  of  60  feet,  citj- 
ilatiimj  smd  h  at  present  mipplied  by  4  basins; — Fairnnmnt  at  %, 
Corinthian  at  120,  Spring  Ganlen  at  120,  Delaware  at  114^ — ti*  be 
supplemented  by  a  fifth,  the  East  Park  Reservoir  at  133  feet,  city 
datum. 

The  secxmd  system,  or  the  area  lying  Ijetween  the  first  system  and  a 
curb-height  of  120  feet,  dty  datum,  Is  the  growing  section  of  the  city* 
and  iK  8up{>lie1  by  but  two  kisins — tlie  Belmont  at  212,  and  the  Wema 
Farm  at  1*37  ft^t,  city  datum — 7|  mile8  apart, 

Tlie  third  system  lying  above  the  sec:(>n<l  system,  is  suburban  imd 
likely  to  remain  sparsely  settled ;  it  is  supplied  by  two  l>asins,  ilic 
Itoxijupough  at  366,  and  the  Mt.  Air^^  at  365  feet,  city  datum. 

The  first  and  second  systems  mn  be  supplied  by  gravity ;  tlie  thinl, 
ningiiig  in  ciirlj-hiiights  from  120  feet  to  4(X)  feet,  city  datuin^  must  ht 
*^iipplie<l  by  jnimping, 

A  pumping  stiition  in  the  Wi.s«ahickou  Valley^  at  the  crossing  of  tht* 
20"  main  connecting  the  Roxborough  and  the  Mt.  Air>*  Basins,  wt^uld 
supply  thesi'  biiHins,  pumping  from  a  conduit  against  a  head  of  SfXJ  ft'et. 

The  wm  nee  ting- mam  could  thus  l>e  utilizetl  as  a  puniping^main  l*? 
each  of  these  l)asius,  and  tJie  machinery  in  the  Department  for  jiower* 
The  auxiliar^^  works  to  this  system  to  he  rctainetl  as  at  premjnt.  Thv 
first  and  setxjnd  systems  would  be  isupplicd  from  the  distributing  reser- 
voirs or  conduit, 

A  main,  A,  stretehing  to  the  east^  commanding  all  the  high  ground 
between  Twentieth  and  Ckmhria  and  the  Wentz  Farm  Iteser\*oirj  and 
another,  if,  to  the  west,  conne<^ting  with  the  submergetl  main,  the 
pnm^nt  mains  from  the  Belmont  pumping  works  and  the  West  Phila- 
delphiii  distribution,  woiiUl  supply  the  second  system.  The  first  sv^stem 
would  iR^suppIietl,  as  at  present,  from  the  existing  loasins,  which  would 
receive  their  supply  from  the  cMimduit  through  mains  C  to  the  Del  a* 
ware  basin  and  I)  to  the  East  Park  reser\*oir.     Mains  laid  from  the 
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Ea!^t  Psirk  r^s^rvoir  and  t'^jiiriLvtiug  with  tire  pumping  mains  from  the 

Spring  tianien  works  woukl  ituike  tLe  C!t:»nnection  with  all  the  other 

liag^ltts  complete.     All  the  other  pumping  nmin^  c^uld  then  l>e  used  inl 

the  diiftrihution. 

The  iiiily  ree**r\*fiir  not  utili/XHJ  by  this*  pUm  h  that  at  Belmont,  212 

feet,  ritj  datum,  ItB  elevation  is  too  high  to  be  snpplictl  from  the 
IcvMiduit  and  too  low  to  be  of  nse  to  the  liigh  gnjund  in  West  Phila- 
Ulelphia,  whieh^  hx  jiny  plan,  must  Ix?  Bupjdied  by  an  auxiliar)^  workB. 
These  imxiliary  work.n  would  he  louatiKJ  at  tlie  ikimont  basiUjif  the 
I  ptc^etit  plan  of  pumping  obtiiins  in  the  future ;  if  the  supply  is  to  be 

by  gravity,  they  would  be  hxntcd  on  Belmont  ttvenue  and  the  pfaeent 

pumping  maiiii^. 

Capital. 

To  dctcrmitie  the  aniomit  of  «ipitiil  U}  be  exjwndeil  in  tim  constniction 
Inf  a  gravity  supply,  so  that  it  may  ctimpare  in  (*<>Ht  with  an  extension 
of  the  prrs^ent  works^  we  must  not  eimj^ider  that  whieh  has  been 
tDwsled — Rret,  because  the  pipes  and  ryservoin^  would  be  c-ommou  to 
both  plans»  and,  serond,  thu  itd<»pti()n  of  a  gravity  ?w^heme  would 
dtsFtfoy  the  present  pumping  work^. 

If  the  price  of  pumping  jn^r  million  gallons  includes  the  iuter^t  on 

|ri>e  plant^  the  quesi^tion  of  nipitul   investeil  for  tJie  eon  instruction,  from 

'time  hj  time,  of  new  pumping  niachines,  would,  of  (bourse,  be  covered- 

The  «Mt  of  stotim  pumping  bts  l»ecn  retluiied  to  $7.50  per  million 

gillonii  per  100  feet  high.     This,  substituted  in  Mr.  MeA  I  pine's  table 

\J\  Hhovrs  (table  E)  thatj  to  et^mpare  favombly  with  pumpingj  the  capi- 

ftsil   invented   in  a  gravity  scheme  for  Philadelphia,  if  delivered  at  an 

Flevntion  of  VM  fect^  city  datum,  should  not  be  more  than 

tl,80t*,000  for  a  daily  average  supply  of  50,(KX),000  gals, 

S,000,000                 '*          "  *''  75,(XK),(XX)    '' 

4,200,000                 ''          '*  **  KK),00(t,fKX)    " 

6p500,000                 ''          **  **  150,0(X),()00    '* 

«,500,OCK>                  *'           "  '*  2(Ht,000,00()    " 


rberesHy  if  the  water  is  delivered   by  gravity  to  the  eity,  at  an  eleva- 
I  of  170  feet,  city  datum,  (aee  table  F)^ 


170  Darrach — Water  JSupply.  [Proc.  Eng.  Club^ 

$2,000,000  could  be  expended  for  a  supply  of  50,000,000  gals. 
3,400,000         "  "  "  75,000,000    " 

5,300,000         "  "  «         100,000,000    " 

7,400,000        "  "  "  150,000,000    " 

9,500,000        "  "  "         200,000,000    " 

Inasmuch  as  $7,500,000  is  the  lowest  estimate  for  a  gravity  supply,, 
it  is  evident  that  a  supply  by  pumping  is  the  most  economical  until 
the  quantity  needed  is  150,000,000  gallons  per  day,  or  about  the  year 
1950. 

Upon  the  assumption  that  the  completed  conduit,  to  carry  a  maxi- 
mum of  180,000,000  or  a  daily  average  of  150,000,000  gallons,  will 
cost  $10,000,000, 

The  daily  expense  interest  alone  will  be 

Or,  per  million  gallons, 

Pumped  by  steam  alone,  it  would  cost,  at  an 

elevation  of  i  70  feet, 
And  by  water-power  and  steam, 

At  the  present  time  : 

Interest  per  day  on  $7,500,000,  .  .    $1233  00 

Cost  per  million       •  •  •  22  42 

Cost  by  steam,  170  fieet  high,  .  .  12  75 

Cost  by  water  and  steam,  as  it  is,  .  10  00 


$1630  00 

10  86 

12  76 

11  00 
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ROCK-SALT  DEPOSIT 
Of  Huron  and  Bruce  Cduntibs,  Oktario,  Ca:nada. 

Ab^tnu^t  from  a  pajier  by  Jons  Hy.  Hahdkn,  M,E.,  M^mljer  nt  the  Club. 

Head  Ma^  M,  187}*, 

Tilt*  t4iwii  of  (TOtleridi,  in  the  oomity  of  Hiinni^  is  .sitiuitect  mi  the 
eii^terii  H  lit  ire  fjf  Lake  Hunm,  mi  tliu  .south  hank  of  tiiu  river  Miiil- 
laml,  at  an  elevation  of  105  feet  ahove  the  lake.  The  siirrotuitliiig 
oonntrj'  is  entirtily  ilcfvotecl  to  a*;rieiilture,  it^  i-ontoiir  ^ncraUy  level 
aiul  the  tMvii  aiver^  a  cHinsidemhle  areit  of  gnvimri^  having  widt*  sVc^U 
anil  bnildingH  i\t  a  Hn|>erior  charaeter,  (Map  f^liown.)  It  i?^  oixlcirly^ 
nc^tt,  f^Iean,  and  has  mmw.  reputation  a^  a  Hiuiinier  resort. 

The  Buffalo  tfe  Lake?  Huron  linuirh  \A*  the  <Tmnd  Trunk  Railroad 
from  Fort  Krie  to  Gmleru'li  [\\M  miles)  tt*rminat<.'s  within  the  harhoF 
uf  Goderich,  interyerting  the  niain  line  at  Stnitfordp  t^jiumimimtin^ 
with  tlic  railroad  .systems  of  hcith  Caiuula  and  tlie  Unitttl  States. 

The  harbor  aec^>niniodation  tor  r^hippin^  freight  by  water  to  all  the 
prinei[ial  [xmitn  on  the  Great  Lakes  are  all  that  can  be  detsired,  A 
1^ lance  at  any  j^oo^l  map  will  :*Jtliow  the  commercial  importanrc  of  the 
Bituatiou,  liaving  in  view  the  distrilmtiini  iif  f^alt^  or  other  [U'uduet^  Iwitb 
by  rail  and  water,  with  the  pn>s[>ect  of  t!omj>eting  more  sucees-sfully 
with  impnrted  and  other  salt  pnrfucing  diJitrieti*  leas* favorably  emloweil 
by  nature  than  GiKlericli, 

The  drwt  iiotiee  i"eferring  to  tiie  g«5ology  of  the  Ontario  pMilt  rej^ioii 
will  be  found  in  a  re[iort  by  Dr,  T.  Sterry  Hunt  to  the  Direetor  of  the 
Goohigi(^d  Survey  of  Canada^  and  wdl  lie  fiRind  in  tlie  publ itched 
work  of  the  Survey,  together  with  notices  of  the  rn^rurreiice  of  nx'k* 
j<alt  ill  the  United  Statesp  etc.  Salt  was  first  diHt^overed  at  (ioderieh 
(m  the  19th  of  May,  LSfjij,  in  pn>t^pc<'t[ng  for  oil,  at  a  depth  of  H64 
f(H.'t,  by  Mr*  Samuel  Piatt*  In  the  year  following,  j^dt  was  dijj^^ovei'ed 
at  Clinton,  13  miles  eitot,  and  in  the  sutx«eding  yeiu*  at  KuK^inliue,  in 
the  eounty  of  Bruce,  W  miles  to  the  north-west,  at  the  deptljs  of  1 13G 
and  900  feet  re.s]>eetively,  At  thin  date  there  are  sixteen  wtIIs  wln»se 
combined  prixluet  would  pmhably  reach  75,iX)0  tons  j>er  annum,  all  of 
which  i^  made  from  brine.  Hitherto  one-half  the  product  haiif  be€ 
exjHrrted  to  the  Unitetl  States^  p*iyhig  a  duty  of  81.60  jxir  ton. 
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The  consuniption  of  m\i  in  the  Unitetl  States  is  aljoiit  47 J  ponndi?- 

per  mptta,  and  by  some  authoritias  it  is  eHti mated  oj!i  high  m  50  p^minls^ 

Thij*  UiTge  wHisumiitioii  is  due  in  a  ^rt^tt  nieiif^iire  to  \b^  cheapnms^ 

I  together  with  the  large  quantity  iimKl  in  salting  meats  that  ure  exported 

I  til  othef  oonntries.     The  consumption  of  ,'^dt  in  the  United  Stat<*s  of 

UtI  kinds  ajid  from  all  sources  in   1877  wm  ^90,1 '29  gro^w  tonn;  of 

I  thjft  quantity  417,627  tons,  or  20  pounds  j*er  mpita,  were  ini]K)rted  from 

England,  eMi mating  the  {vopulatiun  as  46,t>24,000.     If  we  ea^timate  th^ 

fvffu^^uniption  of  the  IkMiiinion  of  Canada  aiW  the  mxn^  rate  we  mast 

adtl  *>ne-tenth,  and  the  total  consumption  in  the  two  coiintrias  would 

lie  1,080,142  groea  tons. 

The  produetion  of  salt  of  all  kinds  in  the  Unitotl  Kingdom  of  Great 

BriLiiti  during  tlie  yearn  1872  tt>  187(>,  Ijoth  ineludeil,  was  y,990,964 

ip'alueij  at  $24,332 ,(>S9,  an  average  of  $2.43  i>er  ton  ;  during  the 

time  1,015,710  tons  were  export (h1  to   tlie  Uniteil  States  and 

^724  toiia  to  British  North  Amerifm,     In  the  stxia  manufactuix-  ii^ 

congumetl  no  le^s  than  538,600  tons, 
lucfiim  in  the  five  principal  salt  districts  of  the  Uniteti  States,  1877  l 

kVIiehigan,  .  .  .         8,3U4,4K5 

Xlw  York,      .  .  .  6,427,983 

\\m  Virginia,  .  .  .        4,837,325 

Ohifi,  ,  ,  ,  2,400,350 

Penngsylvania,  .  ,  .  579,970 


Tiital, 


,      22,550,113 

=  5*>3,753  groHB  toas.     This   hiroje  protlutt  was  obtained  from   brine- 
W  tin?  prooef^  of  es'apomtion* 

(VMuical  pnMlucts  im|»orteil  into  thi*  fruited  States  in  the  yesirn  1875^ 
lHTi>,  1877  and  1878  wen*  il^  follows : 

Veap.  Qnuntlty  in  Poundf^, 
187-5  303i257,928 

187H  278,972,675 

1877  317,706,958 

1878  334,050, 3  J»6 


Value,  hieludiuf?  duty. 

$7,978,412 
6,470,409 
6,641,851 
6,433,217 


Total,     .         .      1/233,987,957  $27,523,889 

t^uriag  llnami  yc^rs  the  imiKjrts  into  the  Dominion  of  Canada  were  of 
*h«' value  of  more  than  one  million  dolhirs. 
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WithiD  the  Imi  few  years  the  rock-salt  of  Godericli  ha^  been  tli^vr- 
fiuglily  pr(>ipe<!te(l  by  tho  FennsTlvania  Diamon<l  Drill  Cornimiiy,  whi* 
have  taken  out  Kainples  (cfjres)  of  salt  from  the  several  IkhIs  (sample^ 
shown).  These  have  been  analyzed  by  Dr.  T.  Sterry  Hunt,  and  prt>- 
nouneixl  by  that  ^tMitleman  m  fit  for  nitning.  (See  tmrwaction»  of  the 
AmLTimii  Institute  of  Mining  Engineerj^,) 

The  Ibl  lowing  U  a  section  of  the  beds  relative  to  the  surfnue-kv 
(alwut  40  feet  above  tlie  lake)  i 


ft. 

in. 

ft.    ill. 

ft. 

In. 

Firet  JxmI, 

30 

11 

from 

997  0 

Ut 

1027 

11 

iSecond  h»«1, 
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U 
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<• 

1085 

4 

Third  he.1. 

34 

10 

H 

1092  2 

it 

1127 

0 

Fourth  btxl, 

15 

5 

■  < 

1207  7 

(« 

1223 

0 

Fifth  b«l, 

13 

a 

« 

1230  0 

tt 

1243 

« 

Sixth  bed, 

6 

0 

it 

1379  0 

ti 

1385 

0 
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The  fir^t  eonsideration  in  the  development  of   mining  o|*enitioi 
woald  be  the  nhaft-sinking,  always  an  important  but  rarely  n  difficult 
operation  in  ground  free  fVoni  water^  yet  under  the  eonditions   kno' 
to  exist  would  recpiire  spefial  pkill  and  npjdianee.^  for  overoomin^ 
lai^  feeders  of  water  known   to  exiiit  within  tin*  def>th  of  4iK}  feet 
from  the  surfaee, 

A.  recent  trial  under  the  English  sy.stera  of  linking  and  pumpiDg 
the  water  until  an  impervious  stmta  is  met  Avith,  upon  whieh  to  fouad 
the  water-tight  lining  (tubbing),  hii.^  already  proved  its  impmcticabilily 
witlnu  e:^tiniate.-*  to  l>e  relietl  U|K>n.  In  thk  attempt^  after  ,^|iending 
neiirly  870jU*X>  and  attaining  a  tlepth  of  alxiat  1 50  feet,  with  a  clear 
lUanieter  of  10  feet  6  inehes^  the  work  wils  abandoned  in  oon^uenee 
of  the  overpowering  influx  of  water  under  eonditioni^  not  provided  for, 
Tiie  writer,  therelbre,  is  of  opinion  thiit  no  known  methtKl  of  dealing 
witli  such  a  work  is  so  applimble  m  that  of  "Kind  Ch  and  ran/' 
described  in  the  TninHatiiony  of  the  American  Institute  of  Mining 
Engineers  by  Mr,  Jtdiau  Ddby,  By  thifl  process,  alretidy  well  estab- 
lished in  other  countries,  reliable  estimates^  tmu  be  fornie*!  a'*  to  the 
cost  and  dunition  of  the  work. 

In  comjMirison  with  muwi^  m  thin  tK>untryj  in  England  and  on  the 
eontinent  of  Enn>pe,  4(M>  yartb  i»  not  very  deep 

The  deei>est  mine  in  tlie  United  Htates  m  on  the  Coniistock  Lode, 
Neva^la,  783  yardsi*      In  England,  lioeebridge  Ck>llierfcv,  Lant^^hrnj, 
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815  yank*     Oo  the  cofltiiieiit  of  Eun4)e,  Adalbert^  Austria^   109S 
^vank,     Propoc^  salinil  at  Gcnlerich,  400  yardst 
Depth  lia.H  been  found  t<i  intiirfertj  wtth  mining  o|¥3rattt>iif^  only  when 
I  ttlequatb  provisions  for  ventilation  and  drainage  have  l)eeii  wanting. 

The  etmstraction  of  the  ingreis  or  egreas  to  a  mine  m  of  the  utmost 
im|>ortanet%  Thnmgli  it  we  not  only  raise  tlie  mineral,  piinij)  the 
water  mid  ventilate  the  workiugH,  bnt  it  hi  abo  the  means  of  entrance 
i  or  exit  for  those  engaged  in  mining.  Sliafti*  are  tsunk  in  various  shapes 
I  itnd  siziB,  Uie  circular  fortu  being  best  adaiited  U)  sustain  heavy  pres- 
imrm^  The  design  of  twelve  feet  will  give  ample  afx*f)mmodationB  for 
iting,  vamtilation  ainl  drainage*  There  are,  however,  ahjcHi:ioij2^  U^ 
single  Mhal\ii,  m  it  affords  hut  one  outlet  for  thotic  working  undei^rouud; 
fi#r  that  reason  tlic  mining  lawti  t>f  Enghuul  and  Peiui^^ylvauia  permit 
tt|ii*nttiuiis  tci  l>e  earrietl  oa  througli  a  single  opening  only  under  certain 
n^ricttifAtL^-  There  is  leisi  ohjeetion  to  a  salt  mine  worked  tliroiigh  a  siiiglL^ 
iKillet  tlian  to  a  eoal  mitie,  for  whieh  these  laws  were  eHpetdally  fmmcil^ 
for  iibvioiLs  rea;8on:^  The  deptli  from  tlie  i^urfaee  and  the  impervious 
KiutA  Wtween  the  !*alt  bcth?  and  the  feeders  of  water  will  protect  the 
wfirkingH  from  any  influx  from  that  source.  Proper  pillai^  of  e^ctra. 
mm  will  be  allowed  to  remain  to  protc»ct  the  j^haft. 

The  known  regularity  of  the  salt  beils,  proved  by  a  uuuiber  of  bort* 
hote  111  different  locatioiiB,  and  the  observed  regularity  of  the  stmtifi- 
ctttiou  agree  so  well  tliat  we  may  feel  confident  that  niiuiug  may  he 
carried  on  with  Huet-e«8. 

Mining  will  be  rf?gulated  by  the  dematid  and  the  aeaaoUH  pf  naviga^ 
tioii  on  the  I^ake^,  us u idly  fn>ni  six  to  seven  nnjiithnt. 

The  plant  designed  for  this  work  ajutemplated  a  speed  for  hoisting^ 
the  mineral  at  2000  feet  per  minute,  extrm^ting  iti  cars  of  two  tons 
eatik,  100  Um^  per  hour  or  1000  Uym  per  day ;  for  200  days  =  200,000 
,  lofi^  The  lipeed  i>f  hoisting  2Q00  feet  per  minutQ,  3*1  J  feet  per,se(^>nd 
I  or  mesurly  23  miles*  an  hour,  is  much  exceeded  in  many  coal  niine». 
The  engines  at  the  K^isebriilge  Colliery,  Lancashire,  lift  coal  from  a 
€ie|it}i  of  2418  feet  in  55  seconds  ^  ^*^^i^  f^t  per  setx>nd,  nearly  30 
mil 68  an  hour. 

The  »jie*^fU^  gravity  of  tlie  rock-salt  in  question,  sis  given  by  Dr,  T* 

^Slcny  Hunt,  Ls  2*125,  and  a  square  acre  one  foot  thick  would  yield. . 

2AB2  gp)^  tona      The  second  bed  of  salt,  desiTibed  by  the  same 

■iitJiciri^i  as  *' entirely  fit  for  mining,  and  in  some  parts  of  remarkable 

purity :  chloride  of  sodium  99 '68 7,  chloride  of  calcium  *032,  chloride 
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of  tp^vtie-^ia  '095j  sulphate  of  lime  "090,  insoluble  in  water  '017,  miiw 
tare  '^l^y  or  lenw  than  ooe-quarter  of  ooe  per  cent  of  impurity;  it  U 
25  tkit  4  inches  thick.'*  The  thini  hefl,  34  feet  10  inches  thick,  i> 
<l<^crlh©(j  a-s  **  somewhat  less  pure,  bat  witli  a  little  care  in  sorting  might 
probably  be  u»ed  for  all  ordLimf  y  purposes."  These  two  beds  could  W 
mined  to^ettier,  leaving  a  stratum  of  ^iilt  in  the  ro^f  and  floor  of  boiii, 
the  pillars!  in  eiich  worki;ig  being  clireetly  abtive  or  bjlow  the  other; 
hy  thiH  m  *ana  20  feet  of  the  second  and  25  feet  of  the  third  bed  raulil 
be  wnmglit  with  advantage  deducting  33  per  cent  for  pillars,  tb^  j in- 
duct from  one  ultc  wnnld  yield  37,342  grosa  ton:3-  The  iibseatx  ui 
noxioii-^  pLi^i&Af  j?io  freely  generated  in  t^oal  mines,  as  well  as  those  con- 
<litiong  reqnirttig  the  iige  of  large  quantities  of  timber  for  sup|iurti$  are 
4wlvantiigef^  t^>  be  eoni*idere<L 

At  the  [jreseiit  time  the  v.mt  of  mining  t^iould  not  exceed  eighty 
centf^  or  one  dollar  per  ton,  a^  follow;* : 

Miner,  G  days,  {n^  %\M),  ,  .         $J*  UO 

Laborer^  G  days,  (oa  81.00,     .  .  6  00 

Supplier,  6  daysi,  .  •  ,  3  9*> 


Total,  .  ,  .  .       $18  9t> 

Ektimati  ng  the  prodiuit  *>f  eix  days*  work  at  60  tons  ^  31^^  t^ente 
per  ton. 

Estimated  cost  of  priKlucing  one  ton  of  salt  lit  for  market : 

Mining,        ,  ,  .  .     31'3Gete. 

Patting,  ,  .  ,  20-64  ** 

Preparing,    ...  -     28*00  '' 


Total  c^ntfl,  .  •  .  .     8000 

In  1877  the  (Oicapest  prmluet  of  American  salt  (Michigan),  much 
inferior  to  that  of  Goderieh,  8old  for  fifty  to  sixty  cents  per  barrel  of 
280  pound ?*  ^^  %\A^  per  ton.  This  cheap  rate  of  production  is^  in  a 
great  nieariure,  due  to  the  use  of  an  otherwise  waste  i>nKlnct  (^lalM, 
HawdiL^t  and  exhauMt  nteam  from  the  lumlKT  mills)  as  fueL  Neo^aa- 
rily  then^  will  come  a  time  when  this  soun*e  of  fuel  will  l*e  exhau>*tod. 

In  1877  New  York  siilt  sold  for  the  lowest  price  ever  known  befor^i 
that  date,  79  cents  per  barrel  ^  $6.32  per  ton.     In  1878  Mr.  A.  (^| 
Powell,  i^uperintendent  of  the  Ojiondaga  Salt  Springs,  states  the  rei^ulttf 
of  the  yearns  work  to  be  50  to  55  bushels  of  salt  per  ton  of  eaat,eoi4t- 
ing  eight  cents  per  bushel  ^  $3.20  per  ton.     If  these  figures  are  cor- 
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I  reet,  it  is  scarcely  powsiblii  that  Michigan  can  product  m>  cht^aply.     in 

IW77  the  lowejjt  value  ever  realiaed  on  imparted  Siilt,  inclmltiig  dutVr 

I  Was  9fl.^30  on  piirkacrt^  and  $4"48  jwr  ton  in  l>alk.     The  average  vahie 

of  f^tt  tinporUfcJ  into  CiiQiidu  duri»|^  thu  yeiir  cmUng  June,  1877,  was 

If4,66  jwr  ton.     The  lowest  price  for  which  wait  hjin  ever  Ijeen  8old  at 

|CioclL*rich  wit'i  $2.40  per  ton,  LikU.     To  thi;^,  if  exporter!  to  the  United 

'Stm*^,  mdd   $1J>()  duty,  totnl   $4.(HL    The  price   now,  April,  1871),  i?* 

♦^iJ>t>  fier  um^  i\  u.  h*     From  the.se  fi«^ureii  we  mtiv  i?afely  ejitimutc  the 

eit  of  mining  and  preparhi^  at  $l*0(f  ami  the  >^41in{f  price,  f^o.b,, 

|2,4IK 

The  total  eHtimatefl  co?^t  of  opcnin|r  a  mine  etjnal  to  the  ex^tractiou  of 

JjOOO  tons  (ler  iinnura  would  l>e  $25(MK>0;  time,  3 J  years;  mpital 

rttMpiirt^i,  $35<>,0tX)  to  $4(XMXMX     I/Jtiid?*  uf  a  fine  fijrru-nknriil  eharac- 

|ter,  underlaiil  with  rock  wdt,  <-an  be  [iurcha>K?d  ft^r  $40<>  |»cr  acre, 

AViihiii  a  year  roek^alt  liaj*  Ijeen  diKMivered  near  the  vilUge  of 

WyfiHiin^,  on  the  Rot^K'Sfter  ami  State  Line  Rnilroail,  in  the  State  of 

I  New^  York.     It  wa^^  fK-uetiMtc^l  in  K'art'ih  uf  <nl,  at  tlie  depth  of  1270 

(feel,  and  i?*  j^nid  to  l>e  70  feet  thick.     An  am  lysis*  of  a  naniple  hy  F, 

IE.  Eiijjlehai^lt,  Ph  JX,  chemist  to  the  Diir\^  Suit  Coinpany,  of  Syra- 

|cti!«ai%  iji  aH  fiiHows:  inw>liiMe  niitter  3'276t  sidpli^iti*  of  lime  1*696, 

chloride  of  (^^hiuni  "41*i,  chloride  of   magn^inrn   "(iSh,  moisture  anri 

*3t9j  pure  salt  (chloride  of  eotliuni)  93*740,    Thn,s  there  arc  nearly 

"^  per  c^eiit  of  irapriritits^j  while  the  (xotlcrich  Halt  t^ontains  less  th-in  | 

of  otM*  jier  cent. 
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NOTES  AND  COMMUNICATIONS. 


IRON  RAILWAY  CROSS  TIE, 

Rkc^ULAH  Mkkting,  MAlicll  l-'itJK— Mr,  <:.  K.  HuzUy  exliibitat  Ji  nnidd 
nt  an  injLCt^iiJoiiH  device  in  the  HhajxMjf  an  Inm  Railway  Crt>iis  T\l%  myv,  \n 
line  un  one  of  the  filiHr|>pHt  eiirvt'H  ut"  Hie  l*hnHdeii>hm  A  I^Utiinnrt^  Ceiilral 
Ehillrtiad,  lx*twwn  Lanii*kin  ami  I'ort  Depimit.  ItU  inwiUeil  l»y  Thf*^.  W. 
TraviM,  of  Philadfl[>hia. 

The  device  liiMpeiiseM  with  all  .^piki^,  bolt^j,  nuts  or  fl^h-plate^,  and  with 
all  tlrillin^^or  puiu-hinK  ^Jl"  Hh*  raiU.  avoiflinjr  incipient  fractun^  fruin  f*uc»b 
eauHC^.  At  the  Hiinie  time,  the  Iron  tie  in  elainie<i  to  outlfu^t  twelve  reiiewftlft 
of  the  ordinary  woe  Mien  tk%  and  U)  retiuire  but  one-half  the  exjj^nsi-uf 
labor  to  ket'p  iii  repair. 

The  constrnction  of  the  tie  waa  briefly  dew<TilR^l,  an  foIloWH;  Kach  tWi» 
re<*e«iied  under  it^  ndl*^,  and  alonj^  the  Iwittom  of  them^  reeeHt*e.H  wettt^ 
Bbaiiccl  okH^CH  are  ea.^t  trun^^vei-nely.  At  tlie  sUUm  of  eueb  nsi^e^^  are  mny 
Hottnl  oak  hloekn  whleh  form  an  ela^^tle  eiisbion,  and  at  the  same  tintrt 
fideruni  for  two  elanjjjH,  whieh  jjruj*p  the  Hanjrt?  and  web  of  the  rail  abive 
and  bear  upon  oppmite  face?*  of  the  wedge  tjelow.  The  welg:lit  of  a  train 
paMHing  over  tlie  niiln  foreet*  the  elanipn  down  upon  the  we<lge»  wbii^h 
spreuda  them  at  tbe  bottom  and  eauHew  them  to  take  a  t*orrestniijding  jfrip 
on  the  rail—anil  the  (greater  the  weight,  the  greater  will  be  thia  resulting 
grip, 

Bueh  a  system  of  ti^  and  mih  is  Haid  to  l>e  tirin  and  neeure  in  *w*rv!e«  hi 
all  MC'iy^ouH*  to  be  i[Uiekly  and  earsily  laid  or  tw*rtially  removed,  and  to  Insure 
Hniooth  and  eamy  riiUng  in  the  earn. 

The  tiew  may  lie  tial  lasted  over  ttj  the  dentb  of  five  or  seven  ineheet,  whirh 
Beeures  them  from  aeeident  hy  ears  getlm^  off  the  traek,  aiid^  if  dtsiired^ 
the  lioxoHi  e*mtaiiiing  the  elanijm  may  be  unitml  by  a  enwt  or  wrought  irt>ii 
tiar  and  piUH^  ln«ttead  of  the  ^ohd  eaHting. 

The  firnt  erjst  of  tliis  tie  la  »oiiiewhat  greater  than  for  the  wofHlen  tie»  but 
owing  to  the  great  durahllity  elaiined  for  it,  and  the  et*onomy  in  lat>or  for 
repalrf^,  it  ih  Haid  to  effect  an  inmien^^e  miving  in  a  tenn  of  yearw. 


THE  SAND-BLAST  PROCESS  FOR  SHARPENING  FILES. 

Reoulab  Meet  I  no,  Makch  13th* — Mr,  Wni.  A.  Cooper  prenented  the^ 

follow  In j|^: 

"The  Sand-lihiJ^t  biLs  lieen  u^ed  a  nunilierof  yeiirn  for  a  variety  of  pur* 
poFtw^  but  itH  apjdieation  for  sharpening  lile^  and  other  edge  tf^dw  in  untt^ue 
and  of  recent  fjrigin.  TJicre  rw,  however,  really  U^**  differenee  than  at  hrst 
ftUggestj^  it8elf  between  grinding  metal  with  Hand  in  the  Holid  form  of  the 
grindstone  and  grinding  with  the  same  material  in  the  tinely  pulverisf/cd 
condition,  impelled  by  air  or  Jiti'am  idtt^st ;  for  tile  sharpening,  at  lettftt, 
it  will  be  seen  that  tbe  Hand  blant  has  euimbilitie;^  which  no  grindstone  or 
grinillng  prwi^^  eun  i^s-sibly  eijual. 

'*The  operation  m  very  siniple:  Tbe  shank  of  the  file  to  be  shari>ened  Ls 
Ih  Icl  liv  a  clamjj  to  the  ami  o,  whleh  by  a  suitable  meehanlj<m  U  given  a 
iiliglit  lateral  n  rot  ion  at  the  same  time  that  it  ii*  being  nujve<l  forwani  or 
baek,  ho  vm  to  present  all  parts  of  the  tile  iHiually  to  the  action  of  the  jetjH  of 
steam  and  mind,  whieh  are  thrown  against  the  back  of  the  tet^th  by  two 
guns,  plaeed,  one  aliove  and  the  other  below,  at  an  angle  of  alwiut  I.^*^  Uv 
the  t^le.  The  aetion  of  these  guns  is  similar  to  tliat  of  the  injeet<»r^  th^ 
fitetun  pa«isee  through  the  pipe  6,  the  sand  and  water  are  drawn  ttirt>u| 


fhr  tubr  f  from  a  box  he  low  ^  ftllfd  with  sand  and  wat<*r.  They  together 
ftfiM^  thrtMifrh  the  noz/Af  d  niid  are  thrown  ap^ainftt  the  flle.  ThlH  iiose71p, 
vWii'h  hi  time  hec^iiniei*  woni  through  by  the  iu*tiou  of  the  wmd,  i»  nmde  iio 
thftt  it  L'aii  i*«i*Hy  be  refitaeed.  UrouiKf  ftiiit  i»  u^ied  of  the  ^Tiie  grude  aa 
for  II  wjuvd  ^Ml[l^T.  Natural  water- wiy^hi^l  wand  if^  not  f^hikip  enough. 
TIk' fiTe/mi  nhruild  1»e  under  high  pret<**ure,  ai^  the  higher  the  i>reHj^u re  of 
*i..-<tii  rU.  irri'iiti^r  the  veloeity  of" the  blast.  It  has  btH?n  found  thiit  it  tnktsu 
I  '    ft*   ionji!'  to  sharpen  a  ftle  with  st^am  at  7t)  llw.  pressure  a^i  it 

li'-  ivumtttltulbs. 


y.-.J. 


.^     ^ 


-ff £ f*' 


/-./ 


__<^^^ 


**  Id  thtf  Htnek  for  thi;  exhauitt  Bteiuii  ure  bourdt$,  plnu^i  to  prevent  the  mind 

ixlng  i-Hrried  out  at  tlie  top;  mi^  instead  «f  lieing  waate^I,  it  is  «:«irried  by  tlie 

*oiidvnt!ied  Htewrn  baek  into  tlie  box  to  he  unvi\  over  again. 

I      '*  A?*  the  i^iuui  U  tiirown  against  the  whole  siurfnee  of  th**  tfM>th,  the  qut^* 

lion   naty rally  tiTi^ea  :  Why,  aa  tliu  point  of  the  ttxith  in  the  highest  uiul 

1  in<J*t  t»jti>i«5e4l  to  tlie  bltiat,  it  in  not  eut  away  the  iniwt^  with  the  obvious 

.  result  cyfduiling  in><tead  of  i^hariK*ning  the  t*JOth?     Practiee  shows  that 

.  lhis»  iH  not  tbt'  ea!*e.     The  only  tiRHjry  given  in  that  tixe  etteet  of  tlie  isand 

'  bla^t  i«  lu  -tome  nieui^ure  pro[jortitiiuUe  tu  the  resiManee  olterefL     Thuy,  a 

j  UkXi'T  uf  nibber  vnrnish,  or  even  a  pieee  of  |m|jer^  will  turn  a  bhi,st  whleh 

\riltH  lilt*  lianli^t  uiaterial^  winiply  beeaune  the  purtielet*  of  huu^I  rebound 

,  fruin  live  Hiuiti**  surfare.     Now  a  file  touth,  froni  itn  weilge-shajied  fonUi 

be  rfAarittHl  a>f  oirering  a  taUNtantl^*  deerea»ing  ri's^Utanee  from  biine  to 

at,  the  latter  btiH^ndng  a^  it  were  more  and  more  rtpringdike.    The  eon- 

lee   1^   that  wiiile  the  j^nd  eut^H  into  tlie  re^i^^ting  ba^e,  ittf  foree  in 

13 
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decreased  by  the  yielding  and  elasticity  of  the  point;  hence  more  tYi«t«l| 
ground  liway  at  the  iiasf  than  at  tht?  point. 

"  The  t4>oth  m  left  in  very  good  condition  for  u»e,  ag  sharp  a^i  if  it  wrtr 
ground  »m\  oil-storit-d,  and  far  bettt*r  than  it  in  jwasible  to  make  it  wirli  •. 
chist^I.  New  iMen  are  greatly  improved  by  being  tiharpened  with  tbi 
m  it  removes  the  burr  from  tiie  top  of  the  tooth  that  the  ehisel  n. 
teavi-M,  Old  flk^,  provided  the  teeth  are  not  too  much  worn,  an*  lurt*!^ 
sharper  than  new  nle«  not  treated  with  tlie  mmd  blasts  without  dieturbii^ 
the  orighml  temper,  and  at  about  one-half  the  coat  of  rei-utting. 

*' Although  a  hie  may  be  sharpeneil  by  this  procenn  many  times,  j«4 
the  number  b  IhnJted,  as  each  time  it  is  sharpened  the  t^*oth  becomes* 
Uttk*  more  wbalbiw.  It  is*  ini|K>ssibIe  t4»  say  how  many  times  a  tile  may  be 
sharpened  profitably,  as  that  depends  upon  the  quality  of  the  flle^  and  how 
badly  it  is  worn  each  time. 

*'  It  is  generally  conceded  that  it  does  not  pay  to  have  flies  reent,  aa  it  eoato 
nearly  as  much  m  the  price  of  new  iHeH,  and  they  are  never  as  good.  By 
the  cheapness  of  this  process  tiles  can  be  sharpened  ae  fretiuently  as  Ih^ry 
become  i>artial1y  dulled,  and  thus  the  advantage  uf  aiw^ays  iislng  nhmfp 
tilei»  is  giujied, 

**  There  m  no  economy  in  using  dull  cuttiug  tools^  and  the  tile  i^  no  exeep> 
tion  to  this  rule/* 


THE  USE  OF  HELIOTROPES  FOR  SIGNALING. 

*  Regulak  Meeting,  April  5th.— Prof,  Robert  Fletcher,  corresponding 
member,  conminnicatcd  the  following! 

«  *  *  M  ^w*  jthin  the  pa^t  few  months  has  appeared  in  the  Jout^nai  of 
the  FnmkUti  Imtitufe,  and  otlier  periodicals  which  have  copied  it,  a  ataie- 
ment  eoneerning  the  conwtruetion  and  use  of  heliotropes  in  surveying,  and 
the  faeilities  which  they  offer  tor  telegraphing^  due,  I  believe,  toProieysor 
Hau|»t.  I  winh  to  gtatc  that  tm  long  ago  as  1871  I  ufe^ed  heliotroj>e«  in  '  ~ 
trianikfulaticm  of  this  8tatc,^  then  goin^  forward  under  the  immediate  di 
tion  of  Prof.  E>  T.  q nimby,  r<jr  the  h,  B,  Coaat  Hnrvey.  Their  adaptalli 
to  telegrapliinij  was  my  obvious  tliat  we  used  them  at  onee  for  that  purptii 
aflopting  the  Mtirse  code.  We  altcrwards  learned  that  the  Coast  Sun* 
and  War  Department  Surveys  had  used  them  for  signaling,  although 
were  ignorant  of  ihe  fact  at  that  tinie.  In  IHTd  we  had  daily  comniun 
tion,  at  Hanover^  with  jtartictt  of  observation  20  and  :i<*  niik^  distant,  when 
the  sun  iKTmitted,  noon  beiufj;  the  set  time.  Prof,  Quimby^s  parties  have 
sent  nieanages  more  than  TO  mile^  by  repeating  nt  one  intermediate  station. 
On  one  occa,sit>n  an  important  letter  was  received  from  WjLshington  and 
**  heliograpliecp'  at  onee  (in  a  few  minuter)  to  a  imrty  in  the  ticld,  2f.J  miles 
distant*  Its  trani^uiiasiun  by  telegraph  to  the  nearest  statl<jn,  and  tiy  lu****^ 
sengcr  to  tbe  top  of  the  mountain,  would  have  eonsurned  half  a^'dayat 
least.  The  large  reconnoiteriug  teleseope  (ii  in,  obieetive)  of  the  Coai>!t  Sur- 
veyi  used  by  the  parties  in  2^ew  Hampshire,  naa  a  special  heliotroj 
attachment  to  put  on  to  the  teleseope.  By  this  means  the  reflection  can 
directed  with  unerriiig  precision  to  the  exact  Hpot  dt^ircd,  whether  near 
&Lr  distant. '^ 


THE  SYSTEM  OF  TELEPHONE  EXCHANGE. 

Bkoular  Meeting,  May  3d. — Mr.  Arthur  Green  eoninmni<^ted  tli# 

following  lo  the  Club; 

'*Thc  manner  of  operating  the  Telephone  Exchange  has  mb  yet  hardly 
reached  iwrfection,  and  alteration's  arc  being  made  every  day*as  we  sec 
where  improvement  *'au  be  ma<le  or  time  savetl  for  our  sui>scril>er». 


.iaT9.No.ai 


Minuir^  of  Mfrtinr/^^ 


}ft6 


p«ti4lravor  r*!  explain  the  mode  of  oiieratitig^  iw  done  at  the  present  time, 
xt^i'ptinif  spe<'^!jil  lines)  aeejiiiutKlatts  three  wulwertlien*,  and 
kt  htL^  a  1(1  ven  Ki^nal,  In  rlifl^  on  the  bell  oalL  Every  Iw^ll  on 
U*'  Ihu  Will  ring  when  a  fall  Im  given^  huf  U  only  annwered  by  the  party  to 
I  J^ui II  f  h  r  « i  ijiial  bel  tm  ^ .  W  h  e  n  t  h  e  i*  u  bm:  r  i  I jer  at  t  h  e  en  d  i>f  t  h  e  I  i  n  e  UNiea 
t*i  nt,  the  €'lwtni' current  im-^sew  thrriu^h  the  intennLHiiate  belln, 

rK%  the  other  8Lil)«eriberH  tm  the  line  eantjot  hear  wliat  pas^seH. 
i  ntenuediate  station  nwe*;  the  inHtrunieniH,  the  line  is  irrounded 
*t  t!  ri,  MDd  for  the  titne  it  iKH^onR^  the  tenniniiw  of  the  Mnr,  ami  all 

ftii    ,       ltd  are  entirely  eut-ofl'from  eonmiunii-ation  with  the  exchange 

ttci?.     No  two  Hnl*>k<*ribei^  on  the  same  wire  ean  talk  tojjether.     The  belt- 
U  now  iJH4;^  hi\s  a  lever  with  a  tiook  on  one  end,  ami  on  this  hf>ok  the 
Irpltojie  hangs*  when  nut  in  u^e.     *rhe  wei>rbt  of  tlie  telephone  on  one 
ad  of  thi"  lever  keeps  the  other  end  in  <'iinla4*t  with  a  platina  npringon  the 
'a\       '         Viox  and  Hius  the  bell  if*  held  in  eireint.     When  tlie  ti'leplione 
t  the  hofjk,  the  lever  movef^  and  the  end  inwide  the  box  leaves 
-'injii^  and  niakew  fimtaet  wdth  a  nepond  whieh  brings  the  tele- 
1<»  in  eireint.     The  hn-er  in  moving,  brakein  eimtaet  witli  *ine  sj>ring 
'  striking  the  other,  and  by  this  simple  deviee  no  sulwcnlitT  eau  hear 
rhAl  i^  fiii^Hin^  over  the  wire  from  any  oilit-r  stations  on  tlie  line. 

Jit  the  ExehanRe  KiMjm  eaeh  wire  in  eunneeted  to  a  strip  of  bra^s  on  the 
•witcb-board,  ami  by  n  plug  i»  earrie<l  to  the  eonnnunieator.     Every  wire 
Icoming  Into  thf*  exehanjje  la  eonnecf-ed  in  thii^  '^^^i'-     When  a  eall  ^b  given 
ItheaiiDN:  -hows  the  number  of  the  wire.     The  pluj^-  eoune<'llng  the 

Lnimiiei:  in  removed  and  put  in  a  hole  eonneeting  the  telephone^ 

land  the  v^un-  ^d  the  8iiliHpnher  are  note<i.  One  Mct  of  instruments  Worka 
lull  itii-  Wirt'*^  on  a  s^wileli-lninrd.  If  the  party  calling  winhes*  to  eommimi- 
iU-  M  itii  iin'  Other  sub^eriber^  the  plu^  is  ^igalu  removed  and  replaeed 
U-  wire  e4>rd.  The  teleplione  is  theu  nhigged  into  the  Line  going 
u  wranted,  and  \b  ealled  by  tlie  signal  for  that  phiee.  Then  this 
jLisiny  atiwwen?,  the  other  end  of  the  cord  in  eonnc<;ted  ana  the  two  sut>8cri- 
[iMTs*  are  in  eomniunie^tion  on  a  ct^ntinuouB^  and  for  the  tiine^  a  private 
I  wire. 

When  the  conversation  is  finished^  the  party  who  flre<t  callefl  ringf 
I  Ijell  oaee  and  thus  notifles  the  office.     The  eord  is  then  removed  and 
i  repWeil  which  connect  the  annunciator*'* 


MINUTES  OF  MEETINGS. 


Op  the  Club, 

*RIL  5th,  1879. — A  regular  meeting  was  held  at  8.30  R  M.,  Mr* 
^Steiffer  in  the  chairj  21  memlx^rs  present.  A  letter  was  read  from 
Prof,  Fletcher,  of  Dartmouth  College,  Corresponding  Member,  on  the 
sabjesT^t  t»f  "  Heliotropes/*  Prof,  Hanpt  read  a  paper  on  the  ^*  Nomen- 
dmtnre  and  Clasgification  of  Masonry. '  Mr,  C  lee  man  n  read  a  pajier 
on  "  The  Proper  Amount  of  Water-way  for  UailToad  Culverts/^  Prof< 
Markii  exhibited  his  adaptation  of  Peaucel tier's  Compound  Compaaa 
la  llie  drawing  of  circles  of  large  radluSp 

Apbil  1 9th,  1879.— A  regular  meeting  was  held  at  8.20  R  M., 
with  Presideat  Clarke  ia  the  chair,  27  members  pi'esent.  Mr.  Heriog 
praented  a  dtactiaeloit  on  the  paper  read  by  Mr.  Cleemami  at  the  pre- 
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oediiig  meeting,  Mr.  Peroival  Bol>ert8,  plr.,  reaH  a  paper  (mm  >tr, 
James  Christie,  Correspond iii^  Member,  on  the  **  Connet'ting  R'kI'' 
Mr,  Clarke  atinonnc^ed  the  aetioii  of  the  Boanl  of  Dirw^tors  in  apjxHUl- 
iiig  Prof  Haupt  Uy  fill  the  va<xinev  in  the  offit'e  of  Viee-Pris:i*ie«L 
Prof.  Haupt  ex|>rei*5tHl  liis  apprcfiation  of  the  action,  aiMl  regrettetl  the 
necessity  which  ohligetl  him  to  ilei-liue  the  appointraent,  ilr.  Clarkv 
read  an  address  on  the  **  Future  of  American  Engineering/* 

Mav  ;}d,  1879. — A  bunine^^  meeting  wa*^  held  at  8/iU  P.  M,,  Mr. 
Miii'ph)-  in  the  t'hairj  19  members  present.  The  actiini  uf  the  IWrd 
of  Direetors  was  announced  in  electing  Mr,  D,  MeN.  Stanfier  Xv^^ 
President,  Mr,  Howard  Murphy  to  fill  tlie  vacancy  in  the  Board,  iuitl 
Mr.  Charles  A.  Young  to  st^ne  m  CorresiK>nding  Hei^retaiT ^ro  f™. 
The  following  rcRjIution,  prefiente*!  hy  Pnif.  L*  M.  Haupt,  was  luuuji- 
niously  adopteti : 

Mr»olved,  That  the  Engineers'  CVuh  of  PhiladelphiH  reM}i€*c-t fully  r«ic|ueftl 
the  Honorahleftenators  from  Hint  Hfy  to  lend  their  orKloTHt'inent  to  Kenwtr 
Bill  No.  241,  to  aMnt  the  U*  S.  (Vmwt  Purvey  hi  prof*i;-fUtln|;r  it**  work  in  thb 
State.  The  hill  haw  pwHi*ed  It**  fitH'onfl  reiidiiig  and  it  in  very  imiM»rtniit  that 
the  aid  re<| nested^  whit'h  i«  only  l^i^iiWJ,  should  lie  rendered  at  Ihi^  j^essrtion  of 
the  Legislature,  that  a  sii.speuii<>n  of  work  upon  the  *<ur\*ev  ni4iy  be  pre- 
ven  ted .     The  rewii  Its  ohta  i  n  c -d  will  i  n  u  re  d  i  rect  ly  to  t  h  e  he  n  e  tl  t  of  the  Slate. 

The  hnsine8fl  meetiujf  wm  adjourned  until  May  17th,  and  a  regular 
meeting  held  at  9  P,  M*  Mr,  Arthnr  (ireen  i*ead  a  \m\mT  en  titled 
**The  Hystem  of  Telephone  Exchange."  Prof.  L*  M,  Haupt  exhibi- 
ted a  combined  plane  table  and  transit  made  by  Me8srB.  Heller  A  Brightly 
for  Mr.  Fairman  Rogen*.  By  means  or  some  of  the  mod  ifi  eat  ions, 
astronomical  ol>servation^  of  appropriate  correetnesfi  may  l>e  made.  A 
Locke  level,  so  arranged  as  to  be  used  on  a  graduated  rod,  for  rapid 
and  approximately  correet  leveling,  was  ako  ^hown.  Mr*  Charles  G. 
Darrach  read  a  paj^er  on  **  Water  Hupply,"  illit^trated  with  maps  and 
charts.  Mr.  J.  H.  Harden  read  a  paper  on  *^  The  Salt  I>eiK>sit  of 
Huron  and  Bruee  Counties^  Ontario,  Canada/'  illustrated  witli  map&, 
sGctionft  and  mining  plans.  Mr*  Hardeji  also  exhibited  several  inetrn- 
ments  for  aerurately  ruling  parallel  line^  at  equal  distances  fn»m  each 
other  and  a  **  Combined  Section  Liner  and  Snader"  of  his  inv^ention* 
Sp^imens  of  work  done  ^rith  this  instrument  were  pre.eent«d*  Mr. 
Rudolph  Hering  eKhibite<l  an  iufitrnment  for  describing  ar<«  of  large 
radius,  the  invention  of  Mr.  Theodore  Scheffler,  Meeli.  Kng»j  of  Pater- 

8011^  N.  J. 


Of  the  Boaed  of  Direction, 

Maech  15th,  1879. — A  stated  meeting  wa^  held  in  the  evening  and 
some  routine  business  transacted. 

Aprii.  19thj  1879. — A  stated  meeting  was  held  in  the  evening. 
Prof,  L.  M<  Haupt  was  elected  Vice-President  in  place  of  Mr.  J.  B. 


^h^k.  1S79.  Xfv  X]  CJbntnhfth'onjt  h  the  TJhranf, 
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Knight,  cIetTaH<?fl.  A  mnmiittec  v\;n.s  appointed  to  ascertain  and  rei>ort 
upon  de?iinii)le  rfM>jns  for  tlic  futmn?  Ufni  ol'  ilie  Chib,  PnipouLs  tbr 
niGniF>ei>*hip  were  conskltTiN!,  l>ills  approvitl  sind  otJier  business  trans- 
Hi^teil, 

April  30thj  1879. — A  i>pcehil  nieutin^  was  held  at  iiixiir.  Resign- 
ations of  F^roll  Htiiipt,  ag  \  ice^Pns^klentj  and  Mr.  Norris,  a.s  t'(»rrej^* 
ponding  *Sx*retarv  pro  (em.  were  rtK?eive(.l  and  ac*cepted  The  follow- 
ing gt^itl  em  en  wore  electtxl  to  fill  the  vmrnneies  :  Mr.  D*  McX*  i5tiiut!et% 
Vic*e-Pr^ident ;  Mn  Charles  A.  Youngs  (*r»rre,spoiuliug  StuTetaj-y 
ftro  tfm.^  and  Mr.  Howtiixl  Mnrphy^  Direetnfp 


OONTRIBUTIOXS  TO  THE  LIBBARY. 


Ffftni  the  htAiihitmn  of  Ctvif  EnffinenrH^  Lionel  on  : 

I'aieT^im—Tvs^Wng  of  Pi|ieK  and  Pipe  Joints  in  i)|M?n  Trenche*i» 

Law?*— HuiJwny  BrUlKe  over  llie  River  Tyne, 

Thornton— Methmi  of  BhiBtin><  Hoi*k^. 

Potler— RiUhvay  Wi>rk  In  Jajmn. 

Cfarke — Iron  BridpeH  of  Very  Larger  Hpaii. 

Putt^^rson  —  Besit  Methodi*  of  ilailway  Con^itniction   for  the   DeVelo[> 

u  I  en  t  of  N  e  w  (km  1 1  ( rlc?* . 
Dohson  A  Bnidy— Oeelong  and  Bimdburat  Water  8npplit^. 
Longrldge— Coiistryetion  of  Heav^*  Ordnanee. 
Engineering  Progrei^s  in  F'oteign  Countries, 
A  bat  rant  af  Papers  in  Foreign  Transactions  and  PeHodteal*. 

mi  the  Mtimmn  ImperM  Tp**hnic,  Sncietji/  -* 
Proceed  i  nga.    2  vols . 

I^om  the  E««a;/nti^  Chib  : 
PubUeiition*.    23  papers. 

the  Swedwh  Snciet^  qf  CivU  Engin^erA  : 

ProceediniiCf*- 

py^mn  th€  Poriugene  Society  of  Oii^U  Engineers  : 
Proceedings, 

Pmm  the  Cnnndiun  Pat^ifii^  RaUwuy  Co,  : 
Report  for  IS78. 

#Vom  ^A^  Authortc 

Hazel  WilMon— Notes  on  the  Internal  Improvements  of  Pen  nsy  Ivan  la* 
Bolomon  Boberts^Reuilnlacence@  of  the  Fimt  Rallro^  Over  the  AU^ 
gheny  Mountains. 
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Additions, 

Mr.  George   R.  Buckman,   Mech.  Eng.,  Denver,  Colorado,  wtf 
elected  Corresponding  Member  May  17th,  1879. 

Changes  and  Corrections. 
BuRNHAM,  George,  Jr.,  C.  E.     50<)  N.  15th  street. 
BuzBY,  Chari.es  E.,  Mech.  Eng.     706  Spruce  street. 
Clarke,  Thomas  C,  C.  E.   71  Broadway,  Room  72,  New  York  City. 
CoDMAN,  John  E.,  Mech.  Eng.     Elected  January  18th,  1879. 
Harden,  John  H  y.,  C.E.,  M.E.  Instructor  University  of  Pennsylvania. 
Knight,  J.  B.,  Mech.  Eng.,  deceased,  was  elected  April  6th,  1878. 
NoRRis,  Thaddeus,  Mech.  Eng.     229  S.  18th  street. 
Parrish,  Edward,  C.  E.    532  Walnut  St.   Elected  Jan.  18th,  1879. 
Sellers,  Horace  W.,  Architect.     3301  Baring  street. 


ANNOUNCEMENTS. 


Members  are  requested,  in  papers  read  before  the  Club,  to  write,  in 
parenthesis,  weights  or  dimensions  by  the  metric  system,  whenever 
practicable,  in  connection  with  those  of  the  system  in  general  use ;  ako 
to  place  a  metric  scale  upon  drawings  illustrating  the  papers. 

The  meetings  of  the  Club  will  be  suspended  after  June  7th  until 
Oct.  4th. 

The  Board  of  Directors  will  meet  during  the  summer  months  when- 
ever necessary  to  transact  business. 

Election  of  Members  will  take  place  on  Oct.  4th  and  Dec.  6th. 
Nominations  must  be  presented  at  any  meeting  at  least  four  weeks 
prior  to  either  of  these  days. 
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GANGOn.LET  AND  KUTTER^S  FORMULA 

Foil  TUB  Flow  <;f  Water. 
By  Titos.  U.  Clhkmakk,  CK..  Mojuber  of  the  Club, 

A  formulii  has  lutely  licen  very  strciuioLisly  advoc^k^J  for  finding 

llievefrrjiy  *vl'  *ht'  flow  ni'  water  in  ehnniieli^,  wlrioh  k  t'kimcKl  to  he 

(Hrficily  gL*ht*nd   in   il*  *  linract€r,  a  very  j>aiuutia  in   rtsoKnng  tlie 

miouii  i?tiiii|tl[(*;ittHl  f^omiitioni*  which  exists     It  h  called  iiftar  the 

namBiir  i{jr=  di;^-nvpivr.<,  Mr^w^rs.  fiiiii-i;iiiilet  and  Kiittei%and  is  snid  to 

Jip|ilv  fu  nmgli  and  j^tiHNjih   |ii[>w  tdikf%  iron  and  tHL'nicntj  w<kk1  and 

|i«;  n'cn  «inak'  ami   rivtr^  am  alike  Kubjw^  to  its  fK>tent  power, 

Tbp  vrry  irotv*'i>qdity  of  th<>.M«  claim?*  nuikc^  one  regard  it  with  snme 

^pjiiMii,  nnil  tho  riijlowing  uj>}jliaitli>ii  ot*  it  to  s(Hne  ex[>eriments  made 

Witn  niii.^.  tf,  Dnrra(*h  m  the  I  Philadelphia  Water  l>eimrtnieJit  will 

pnm^  a  tourhstone  to  te^t  it^  vinnh^l  su|M'r!or5ty  oyer  other  Ibrnmlae. 

h  may  l>e   [^remiaul   ihat   the  extK^riment^  wer*^  not  mmle  with  tlie 

objwt  iif  tf^ljng  any  tbrimda,  iait  vvi-rie  merely  to  obtaiiii  iuformation 

fin  regard  to  the  eiejiiint'?*-  of  the  vufitMts  |njmping  mains  in  the  Depart- 

Bent,     They  are  reportinl  at   h*nj^th  iti  a  pajHT  read  by  Mr.  Darraefi 

lore  th<!  Aajeriiiin  Society  oi'   Civil    En|£int>em,      Only   tJie  fimi 

exp^iment  will   he  taken   hei-e,  on  ai'i^mnt  of   the  later  involved  in 

ttp]f'   "  I '^   formnla;    bnl    tho  pitK*esf«  would  of  <'tiiii'*ie  l?fM lie  same 

'♦tJjers. 


TIh*  formiihi  t>f  fmnpiilfet  and  Kiitfi  r-  r^ 
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in  which  R  is  the  mean  hydraulic  radius,  S  \&  the  slope,  and  n  is  a 

2*5  A" 

constant.      In  the  experiment  1Z= and  S=^——)   L  being  the 

4  L 

length  of  the  pipe,  and  A"  the  head  due  to  friction  or  other  resistance 
in  the  pipe.  By  substituting  the  values  of  r  and  A"  successively  in 
the  formula,  we  obtain  successive  values  of  n,  as  shown  in  the  last 
column  of  the  table,  page  193,  and  from  whicih  it  is  seen  tliat  n  is  not 
constant.  If  we  take  the  mean  of  the  plus  values  n  =  '023  and  sub- 
stitute in  the  original  equation,  and  calculate  A",  we  get  the  sixth 
column  in  the  table.  These  are  seen  to  differ  materially  from  the 
actual  values,  and  yet  n  is  said  to  always  have  a  plus  value  in  the 
formula,  increasing  with  the  age  of  the  pipe.  If  we  take  the  minus 
value  of  n  (column  seven)  h"  is  nearer  to  what  it  should  be  by  tlie 
experiments,  but  still  more  than  ten  \^t  cent,  wrong  in  some  cases. 
The  "second  differences"  of  the  values  of  A",  with  the  plus  value  of 
n,  seem  to  be  constant,  which  appears  to  indicate  that  the  function  of  r 
ought  to  be  the  second  power  in  the  formula. 

If  we  take  tlie  mean  value  of  m  in  Mr.  Darrach's  first  experiment, 
and  substitute  in  the  very  simple  formula 

A"  =  -  ^_Jl!L 

which  i^  the  one  often  used  for  convenience,  we  obtain  for  r  =  1*07, 
h"  =  2-817,  and  for  r  =  2*285,  A"  =  12*847  (sei»  the  fifth  cohimn 
in  the  table),  which  are  almost  as  close  as  those  of  Ganguillct  and 
Kutter^s  very  complicated  formula,  and  this  ordinary  formula  cannot 
be  excelled  for  simplicity. 

However,  let  us  see  if  we  have  not  a  very  simple  and  more  accurate 
formula.     Weisbach  gives 


A":  ^ 


2gd      \y  ^ 

From  the  experiments  we  find  the  most  probable  values  of  a  and  6, 
by  the  method'  of  least  squares,  to  be  a  =  -20380097  and  h  =  — 
•0704539.  We  then  obtain  the  values  given  in  the  third  column  of 
the  table. 

In  this  we  see  a  muph  closer  agreement  than  in  the  formula  of 
Ganguillct  and  Kutter.  AVhen  we  add  that  the  formula  is  also  nioro 
simple,  it  will  no  doubt  be  conceded  that  for  small  velcK'ities  in  pipes 
running  full,  the  new  formula  is  no  additu)i\  to  our  previuius.  knowl- 
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wige.  I  Hit  h  mther  in  a  retn»gni<ie  cliri'^ctiofL  Ferhajjs  when  applic*! 
\^}  (lie  flow  i*f  water  iti  npf*n  ehariiiels,  it.^  itiBults  are  nioi^  tci  Ik' 
(iqieinlwl  iHL  aiHl  if  \^  liclicvfd  tn  li:ive  t>cen  iixt€*ndi^l  l>y  it>i  aiitliors 
unlj'  t^i  apply  to  those*  i-w^i^.  It  lui'^,  lK)wxn*er,  U?eu  iijjpliffl  l>y  a 
memlierot'  the  V\n\\  to  pi[>e.s  a  i-^^elKtient  for  iron  [r\\wi^  Imvuig  beeii 
^V€ii;  and  it  liti>*  been  ^|ji>Hally  a  U''tn";ite(l  tor^evrers,  whirh  often  flow 
amli^r  pn^wiure,  ami  iiro  expert<?d  to  di*  ^o  by  their  desi^ncrr*. 

For  the  t^sc^  ftxiwrinicnted  on  by  Mr.  Dtirraeh  a  still  simpler  form- 
ula, (tfiwi'V^^r,  if*  found  to  apply*     From  a  i^inipltfi  conf?iderati*Mi  of  the 

U(*r,  if  windil  HA'm  tliat  the  friotion  head  f^honld  vary  in  a  simple 
III  \hv  vel(**'ity  *  and  on  plutting  the  valnes  of  v  and  A"  Biir- 
(«s»iv<*ly,  n?<  ahst^issistti^  and  ordinate^,  tlib  consideration  w&s  mnfirmeci, 
tite  \my\\s  lying  in  a  straight  line,  wliieh  did  not,  however,  \im%  through 
thenri^rhi  of  oo-ordinate^.  An  equation  of  *uch  a  line  \v*as  therefom 
'Si^iuiifil,  y  z=  a  X  -^  fi,  and  by  substitnting  the  values  of  i^  and  h'\ 
the  vaIihs  i\i  a  and  b  W4*re  discovered.     The  final  equation  became 

fi"  =  ^Al  '0371»985  -^  -5394238 

The  friction  heack  c^lcnlat^d  from  this  ecpmtion  an?  given  tii  the 
fmmbmitiinn  of  the  table, 

A  vm  I  lf»se  agreement  is  found  in  all  the  otht^r  cxpt^riments  of  Mr. 

ftimicli,  tlie  valiie  of  u  varyiit^.  however^  fn)ni  '010026  in  a  36-ineh 

itn    '    '       ^.ll  ye^ii-H  to  ijf'alKiSTD  in  a  20-incji  main  lai<l  eleven  years, 

^1  I   6,  t4H^,  varies  from      -  9*322458^  in  the  siime  20*ineh 

mm  laid  eleven  ycatn^  to  -    "6394238  in  a  3(MiKh  main  laid  nine 

foxa^f>t  in  laie  \^vsv  where  it  was  t^unsidembly  moi*e,  and  %vhere 

_  tliver^-miii  from  uU  the  i>ther  valuta  makas  tme  think  tiiat  tiiere  may 

«av<*  bettn  a  misitake  in  the  experiment,  which  will  l>e  repeated)- 

It  IS  im^lKible  that  the  la^t  eoiLstant  dejM>n(b  on  the  **8]ip"  or  other 

in  the  engine  it8<*tf,  and  also  i>n  the  ixisiii^t^inw  t%f  the  eliecik- 

Wva<,  jiiuf^  it  is  o<justant  in  the  mm^  line  of  pi|>e  with  all  velocities. 

The  extreme  values  are  both  given  with  Worthington  engines.     It  is 

ritptttik!  tliat  further  and  more  extender!  ex}>eri(nenL^  will  be  carried 

oat,aftiTwhieh  the  predse  meaning  of  the  two  constants  t-an  i>e  prob- 

nolv  ^^lated.    If  Sf>,  the  Clnh  will  be  promptly  informed  of  the  result, 

I^t  u?t  now  see  whether  then*  i&  any  force  in  the  remark  that  the 

fifRinilu  of  (_rangn iHet  and   KutttT  i^^  not  appliciible  to  w^ater  flr^vviiig 

^  |'*pH«  under  pre«;<un  h     Tt  h  isaid  that  an  increiii^i  of  pressure  on 

twpii»e  wonld  iuereajse  the  frii'titm  in  pmjMjrtiojr,  and  \m  the  [^reH&ure 
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due  to  the  .head  of  the  water  flowing  in  pijies  not  full  was  always 
small,  its  eifec^t  might  be  neglec^ted  in  such  pipes,  while  it  would  pro- 
duce a  grejit  eifect  in  pijK^s  with  a  great  head.  The  friction  of  solids 
on  solids  is  projK>rtional  to  the  pressure,  and  if  the  same  law  were 
applic^ible  to  a  fluid  in  a  solid,  no  doubt  an  increase  of  head  would 
increase  the  resistance.  Fortunately,  the  experiments  of  Mr,  Damdi 
furnish  an  opportunity  for  testing  this.  In  exi>eriment  No.  5,  with  a 
static  head  of  167  feet,  the  friction  head  is  found  to  vary  according  to 
tlie  following  law: 

A"  =  lA!'  .0175405  —  2-591 1 932 
2</</ 

where  L  is  the  length  of  the  pipe,  20,000  feet,  d  is  the  diameter  of  the 
pipe,  2 J  feet,  //  is  32^  feet  and  r  is  the  velocity.  In  experiment  No- 
6,  where  the  diameter  of  the  pipe  is  the  siune  but  the  length  is  only 
4000  feet,  and  where  the  static  head  is  324  feet,  the  corresponding 
equation  is 

A/'  =  ^/i,':  -0209259  +  1-2018519 
2  (J  d 

*We  see  herie  that  the  (H)nstant  depending  on  the  velocity  is  only 
increiused  from  -01 75  to  -0209,  although  the  static  head  is  nearly  doubled. 
As  regards  other  resistances,  beside-s  length  of  pipe,  on  which  theTrio- 
tion  de[Jends,  the  shorter  main  had  two  check- valves,  one  quarter-turn 
of  short  nidius  and  a  "T"  pipe;  while  the  longer  main  had  four  check- 
valves,  one  quarter-turn  of  short  radius  and  no  "T"  pipe.  These 
exjKiriments  sc^eni  to  show  conclusively  that  the  friction  is  proportional 
to  the  velocity  and  independent  of  the  i)ressure  of  the  water  in  the 

To  recjipitulate  the  substance  of  the  foregoing  paper :  Experiments 
show  that  the  friction  of  water  in  pi})es  under  pressure  is  independent 
of  the  static  head  and  directly  proportional  to  the  velcK'ity.  Tlie  law 
is  then  applicable  to  water  flowing  in  pipes  with  very  small  heads,  such 
as  pipes  partly  full.  Conversely,  a  formula  apj)licable  to  the  velocity 
in  the  latter  ciise  is  aj)plicable  to  the  former,  (xanguillet  and  Kutter's 
formula  applied  to  the  former  ciuse  is  found  wanting,  therefore  it  is  also 
wanting  in  "the  latter  case,  for  which  it  has  been  so  stronglv  recom- 
mended. 
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DISCUSSION  ON  PAPER  XIV. 

(continued) 

Proper  Amount  of  Water-way  k)r  Culverts* 

By  Thos.  M.  Cleemann,  R.  Hering  and  Chas.  <i.  Dakrath, 
Members  of  the  Clul). 

Mr.  Tho8.  M.  Oleemann,  June  7th. — Some  time  siiire  a  formula 
was  brought  before  the  Club  by  the  writer  for  j>roj)ortioniii^  the 
size  of  railroad  culverts  from  a  knowledge  of  the  drainage  areji.  No 
attempt  was  made  to  deduce  it  analytically,  as  it  wa.s  understood  to  lye 
purely  empirical,  and  it  was  asked  that  observations  of  maximum 
flow  in  streams  in  other  parts  of  the  country  from  that  in  which  it 
was  formed,  would  l)e  made  by  members  of  the  Club,  in  order  to  test 
its  efficacy.  The  wri*3r  was  perfectly  well  aware  of  the  (complicated 
conditions  which  render  it  impossible  to  deduce  a  rigid  fornuda  suita- 
ble for  all  cases.  He  did  not,  however,  anticipate  the  objt^ction  that 
any  algebraic  expression  po&sessed  such  a  semblance  of  exactitude  that 
members  of  the  Club  woidd  l)c  misled  by  it.  Such  an  objection  would 
acquire  some  force  if  the  writer  had  been  addressing  a  iK)puIar  audi- 
ence, or  even  a  class  of  students,  but  he  supposed  that  no  member  of 
a  technical  Inxly  of  such  standing  as  this,  would  blindly  aa»ept  a 
formula  merely  out  of  resj)ect  to  algebraic  symbols,  without  knowing 
that  it  was  empiri(«l,  and  without  aj)plying  it  with  the  re<iuisitc  ciui- 
tion.-  He  was  surj)rised,  too,  to  see  a  formula  projwsed  as  a  substitute, 
which  is  only  true  when  the  rain  continues  to  fall  over  the  whole  area 
with  equal  violence  until  the  flow  through  the  culvert  bwom(«  uni- 
form, a  case  never  occurring  except  on  a  minute  scide,  as  the  following 
investigation  will  show: 


(Major  Myers)  .         Area  of  culvert  =  e  X  1^   drainage  area. 

(Quoted  by  Mr.  Hering)*     "  "         =  c'  X  drainage  area. 

» See  pp.  140  and  149,  Vol.  1.  *Soc  p.  15o,  Vol.  I. 


Hifiult^,  Xi».4.1  fyi^t$moH  mi  IVfdrr^wm/ for  iMotrig. 
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If  rf  indi^  of  rain  full  uii  ABC^  the  amount  flowing  offj  if  none 

r  d 
»emfva|K>nitai  or  ahftorbotl,  would  beJ-^  (AGf;  and  tlieaitiaof  the 

MSilvfrt  pihoultl  Ir'  prt>j>iirtional  to  thi8,  m  that  if  d  wciie  doiihle^l  the 
«mi>("  iJk*  culvert  shciuhi  \y&  Jonbhid.  It\  however,  the  mmfall  <M}n- 
tintti*  J.H  HI  first,  but  thtMlrainnge  ai'ea  DEF  is  doubled,  the  assiirap- 
tjon  ihat  iUii  area  oi'  i\w  culvert  should  be  doubled  is  equivalent  to 
omg  thiif  the  rain  falhug  on  the  ring  ABCFED  would  flow  to  tJie 
point  (r  jtt  the  same  time  that  it  takea  the  rain  on  ABC  to  flow  to  the 
ump  jK»iriL  The  time  <»f  tlie  luaxiinum  flow  through  tlie  culvert  of 
die  aimiUMt  which  lall^  tm  ADEFCB  will  tnjcur  after  the  ntuxiiimm 
r»f  that  ilui'  to  the  fall  on  ABC,  lietsause  it  ha'^  farther  to  flow,  and 
ik  mniliinf*!  maximum  will  yt?cur  at  some  time  between  these,  and 
aJdioijt^'b  this  amibincd  masimum  in  larger  than  the  maximum  of 
titlw^  |«irt  it  is  not  et|ual  tii  their  t^um,  as  the  formula  qiu>te<I  by  Mr. 
Hmn^  sL-v^umts.,  but  ^'ous^iderably  le^s,  except  in  the  L^wmt  vvhere  tlie 
lain  cfMinut^  to  Ihll  with  the  Biinie  violencse  over  the  whole  u(  th<f 
4ltmiga  Affjii  until  the  c^imbined  maximum  take:^  place^  in  vvhieFi  i^^* 
ibeflyw  throui^h  tlje  en  I  vert  would  Ix^^ome  uniform^  and  ao  ct>ntinue 
Jlljkig  H8  the  rain  continued  to  fait  with  the  .^me  VHolcnoe.  i\i*  a 
of  finlj  however,  tbit;^  rarely  or  never  oeeuri^,  the  water  remain* 
itiRat  iij(  utmcimum  height  but  a  very  sliort  time*  The  great€fr  the 
*lt»iiiajf^*  arf*ji,  to*»,  tlie  \Qm  proljabiltty  is  tliere  that  it  will  rain  witli 
«<{ial  Urvi^  tliroughout  the  whole  of  it* 
Tho  r^at^e  ^np}xi!>ed  in  the  figure  m  the  most  favorable  one  for  tlie 
Hula  f|iiot(?(J  by  Mr*  llering,  the  drainage  area  being  conical ^  and 
^ptrtielas  of  water  reaching  tlie  culvert  by  the  shortest  line^.  In 
•«toal  caeeB  of  main  and  lateruL  valleys  it  would  take  a  mueb  longer 
^pmional  time  for  the  particles  at  die  outer  edge  to  reach  the  cul- 
I  and  the  maximum  flow  would  be  still  lest*  than  the  sum  of  the 
bma  of  the  several  parts* 
Altiiotigh  enouglj  has  been  eaid  to  show  that  the  formula  quoted  by 
Mr*  Hering  it  wrong  in  theory,  it  may  be  more  Bati-sfactory  to  some 
loshow  in  a  perfect!)-  practiml  manner  ite  utter  worthlessneas.  To  do 
till  the  formula  will  be  tested  by  an  actual  example. 

The  greatesit  rainfall  tliat  can  Ik?  expected  am  l>e  discovered  by  pre- 
mm  obea-vations,  Mr,  Darrach  mentioned  a  rainfall  of  eight  incites 
in  an  hour  and  a  balf^  or  five  and  one-third  inches  per  hour.  Dr* 
Dmper'f*  rain  g?iuge  in  Central  Park^  New  York,  actuall\'  registered 
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two  aiid  six-tenths  iiirhes  in  twentv-five  minutes,  or  at  the  rate  of  six 
and  a  quarter  inches  [ycv  liour,  on  August  6tl»,  1878.  As  such  great 
rainfalls  arc  exce})tionaI,  the  very  juoderate  amount  of  one  inch  per 
hour  will  l>e  tissunied.  The  culvert  to  which  the  formula  will  he 
applied  is  situated  at  the  pla(x»  where  the  Old  York  Kcmd  crosses  the 
Wingohoc^king  Creek,  in  the  city  limits  of  Philadelphia.  A  marble 
slab  is  inserted  in  the  paraj)et  which  gives  the  date  of  its  ercrtion  as 
1795.  As  it  has  stood  so  long  it  is  certiiinly  proper  to  sui)posc  that  it 
has  water-way  enough.  The  areji  drained  is  2800  acres.  Applying 
the  more  general  fornuda  (piot^nl  by  Mr.  Hering 

,v  //  = 

V 

,                                                 2800 
we  liave  v  = . 

xy 

The  area  of  the  opening,  or  xy  in  the  fonnula,  is  265  square  feet, 
which  will  give  t?  =^  10  feet  per  second.  A  velocity  of  one-half  of 
this  will  move  pebbles  as  large  as  an  egg.  The  stones  of  the  bottom 
to  resist  a  velocity  of  10  feet  per  second  should  contain  one-half  a 
cubic  foot,  according  to  Smeaton.  Mr.  Hering  will  i>erhaps  be  sur- 
prised to  learn  that  as  a  matter  of  fact  the  bottom  is  only  sand,  and  a 
tree  is  standing  in  the  line  of  the  arch,  a  few  feet  above  itrt  face,  which 
would  certainly  have  been  swept  away  long  befoiv  the  water  attained 
even  a  much  less  velocity. 

The  writer  dot«  not  undertake  to  maintain  the  accuriuy  of  that 
which  has  been  suggested  by  Mr.  Myers,  deduced,  of  course,  from  com- 
paratively few  observations,  but  he  will  be  fully  rewarded  if  by  pro- 
moting discussion  he  shall  induce  others  to  observe  and  record  facts, 
by  which  possibly  some  data  may  be  established,  or  formulas  more 
reliable  arrived  at,  than  those  which  now  offer  themselves  as  guides  in 
an  important  direction. 

Mr.  Cha8.  G.  Darrach,  Oct.  18th. — The  fonnula  suggested  by 
Mr.  E.  T.  D.  Myers,  of  Richmond,  Va.,  gives  results  singularly  like 
the  table  on  page  569,  Trautwine's  Pocket-book,  the  result  of  the  20 
years  experience  of  Mr.  John  Roe,  London,  Eng.,  with  circular  level 
culverts  in  cities,  discharging  the  water  from  a  rainfall  of  one  inch  per 
hour. 
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Air.  llt-nrig  wiys:  '*]n  tfie  (*lus<:!ly  huilt-iip  sH-tiims  of  otir  Eitsr^^rn 
citit!ft  iHHt-lialf  tf>  ihrec-ijuarter:?  of  the  iriaxiiiiuni  full  if*  L^tiiuutal  to 
jitifuidbt^^ly  reach  tlie  seweiB;  in  the  suburban  districts  from  onen^uar- 
lfrtu«mt*-haHV'  We  mav  therefore  asdunu!  that  thej^G  mzo^  would,  in 
litt;»»|rn  tHUJ!)m%  provieh-  ih-aimige  for  a  minfall  of  2  iiu-hes^  to  4  inches 
-fierhmm  , 

Mr.  Myen^  gives  two  foefficicntB *  e  ^  1,  for  areas  with  easy  slopes 
ftmlf=^  1**1,  lor  areas  with  staep  f*Iopea. 

FtTT  a  ilniitmji^e  urea  of  100  acres  A  :=  1 0  sq,  fdet  or  ^4  :^  16  sq.  feet^ 
e«|ua!  in  th*  Hmt  iJi^tance  to  a  clreular  drain  3*6  feet  in  diameter  and  in 
tliehwtind  in  oni?  4"5  feet  in  dianu^ter,  it  has  Ijoen  suggested  that  tho 
fofiDtibi  r?t  ini"*iirnplet«*  vvithotit  the  eleiiient  of  velocity.     Before  accept- 

:  till*  criticij3^ni  let  m  study  the  t^nditioris  and  see  if  tliis  element  is 

Tlicflofpd  watem  ap|Jn>a^'hing  the  eontriwicHl  area  of  tiie  culvert  rise; 
until  tlip  liead  i«  mifficient  to  [^fodnce  a  vi^lwity  whieli  will  di,s€harge 
thfiju,  if  tin*  c'ulvert  in  jmij>erly  projwrtioaedj  without  injury  to  the 

i^vn  or  ihe  siui>erincuinl:)€nt  bank.     The  .Hiu'faee  of*  the  water  at  or 

bwthe  outlet  IjecxuneK  a  mininvunij  as  it  is?  then  free  to  How  down 

wvulley  and  spread  over  the  adjacent  country. 

ABi^iLmin|r  tliat  tlie  culverts  are  50  dianicte!*s  li»n|Xj  that  the  head  [H] 
u  one^half  the  diameter^  or  that  the  hytlraulic  grail  lent  h  1  in  100, 
li«o  die  minimum  velocity,  when  ^1  ^  10,  will  be  6'6  feet  per  sec, 
*iiutlmc!j!iw.|im'^i»  Q^  f>p5  rv]J)i(*  fe<»t  per  sec.,  or  when  j-l  ^  16,  the  velocity 
Will  Im^  7-2  ft^t  and  (^  will  be  115  cubic  iect  per  nee,  or  in  theeriua- 
im  f/s=  Mfl^  "d"  will  Ije  e<pial  to  ^BiS  inch,  or  M5  inches. 

Myera*  formula  then  contains  the  element  of  velocity,  and  h  the  key 
t*>tW*  unknown  value  of  *V/*\ 

'^tf'  Hering  in  hij  dimau^iou  provider  for  a  value  of  d  equal  to  one 
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inch  per  hour,  or  one  cubic  foot  per  sec.  per  acre  for  all  areas  from  1 
acre  to  6400  acres,  and  proportions  his  culverts  to  carry  tliis  aroooDt. 
at  velocities  of  2  and  5  feet  per  sec. 

If  20  sc^imrc  feet  at  a  velocity  of  5  feet  j>er  sec.  (table,  page  156)  ft. 
necessary  to  drain  100  acres,  in  order  to  keep  down  the  velocity,  tke . 
drain  must  he  about  8  feet  wide,  and  if  500  square  feet  is  required  for. 
2600  acres,  the  drain  must  be,alx)ut  200  feet  wide  and  2*6  fe^  high,  or.. 
160  pipes  2  feet  in  diameter  (sec  Hering:  On  flow  of  water.  "Tnu*,;: 
Am.  Soc.  C.  E.,''  vol.  viii.  No.  clxxv).  If  the  velocity  is  reduced  to  2 
feet  jwr  sec.  the  width  becomes  ridiculous.  Such  dimensions  wooU 
force  the  engineer  to  abandon  culverts  and  build  bridges  only,  whereM; 
in  Myers'  formula  when  e  =  1,  "cf  (the  maximum  amount  in  cubic  feet 
per  sec.  jxt  acre  reaching  the  culvert)  will  be  equal  to  0*65  when  tlie 
area  is  100  acres,  0*228  when  the  area  is  1600  acres,  and  0*2  when  the 
area  is  2500  acres. 

The  arch  bridge  built  1795,  draining  2810  acres  at  the  Old  YoA 
Road  and  Wingohocking  Creek,  is  semi-circular  in  section,  with  an 
area  of  265  square  feet  and  span  of  26  feet.     If  it  ever  ran  nearly  fbll^ 
as  is  stated,  the  water-way  below  it  mast  have  been  obstructed,  since . 
there  is  no  evidence  of  a  greater  velocity  than  2  feet  per  sec  haviif 
passed  through  it.     Had  the  current  of  water  below  the  culvert  been 
unobstructed,  a  velocity  of  at  least  10  feet  per  sec.  would  have  been. 
de/elopcd  and  a  scour  in  the  unpaved  water-way  have  been  ptxxlaoed. 
The  saino  rciisoning  will  apply  to  the  semi-circular  arch  over  a  branch  of 
Tacony  at  Second  Street  Pike,  built  1821,  area  148  feet,  draining  1600 
acres. 

Mr.  Cleemann  especially  states  that  Myers'  formula  was  not  intended 
for  such  storms  as  lawyers  term  "acts  of  God,"  whereas  Mr.  Hering 
criticizes  this  formula  by  a  criterion  standing  almast  alone  as  an  example 
of  great  storms,  and  therefore  demands  that  the  coefficient  c  be  increased 
tenfold,  assuming  that  the  maximum  discharge  i)er  second  depends 
upon  conditions  which  never  occur.  The  facts  still  remain  that  cul- 
verts (without  inverts)  built  under  Philadelphia  county  roads  in  the 
beginning  of  the  present  century  have  withstood  the  storms  of  1843, 
1869  and  1877,  nor  do  they  give  any  evidence  of  having  run  full  at 
the  velocities  given  by  Mr.  Hering,  although  their  entire  area,  not 
water-way,  demands  as  a  maximum  a  coefficient  of  but  4. 

Mr.  Rudolph  Herlvg,  Oct.  18th.— Mr.  Cleemann,  in  his  reply  to 
my  discussion  (p.  1 50)  thinks  that  the  caution  which  I  urged  in  asing 
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[cjnpiricii]  torniub%oii  ttft^viint  mCu  sL*iiiJ>lmi*5»  of  nmtlieinulieiil  cxactJiogs* 
mitfif  places  and  *' tliat  no  niemlMjr  of  a  t^luiie^il  1  Hjfly  of  sufh 
t^  tlii^i,  would  lilindly  accnpt  a  fonrinla  merely  vrnt  of  msj>eirt 
,  ,,,^.  ...uti  Hyml>*d>?,  witliout  knowing  thut  it  wix^  empirii-id,  ami  with- 
mit  aj>j*lyiii^  it  vnxh  the  re<iuisite  eautiniK"  Tho  pmpriety  of  my 
rnnarb  will  t)est  jijipf^nr  from  tlie  faeU  that  Mr,  Cleuinann  hiiiLHielf 
ip.  147i  hjy;  Kiljff-titiitixl  Mdiit?!^  in  Fannin^V  ami  DrhI^oV  emjurifnl 
fommlie,  whirlr  are  Wit  outside  of  the  mn^^t*  r>f  data  from  whu*h  they 
wm-tli'velojwd,  and  iLwjn.'^>*|iiently  ga%*c  thcjse  alus^nrd  rt^isuItB. 

Slf,(lH*niiinn  then  siiows  with  the  aid  of  a  dinp^mni  that  tht*  formula 

^s  }ftl  iH  rttrirtly  only  a|*pliad^le  tn  very  Mnall  arr  :ls,  which  is  ajith- 

i»igek^  thaii  what  I  had  state*!  myself  (p.  \h2).     And  this  fact  dtu-s 

I  urn  iu  iJte   IcyiAt  provf?  a  faulty  theory  ;  for,  when  t^  >  i  (p,  152),  tlie 

fadivr  d  \?^  multiplial  by  the  imction       and  the  formula  |»a^scs  into  the 

mnrr  ;^-aenil  forms  (3)  nnd  (4)» 

Believing  u>  liuve  proved  this  ^vell-koown  formula  wrong  in 
llMflff%%  hi*  mlect*i  a  culvert  by  whieh  he  also  pretends  to  "  shfrn",  in  a 
I  |»firft*t!y  j>ni*?tieal  niaiuier,  it8  utter  wortlileseiietis/*  An  iutti'llitrt-nt 
cifliuiniiti^m  of  the  facts  eonneett^l  w^itli  it,  hi>\vevcr,  will  prove  tliat 
il  (rives  a  fjood  result,  wliexeaH  JIaj,  Myeiv  formula  ^ivtnii  an  iiiiide- 
*jm(jf  mj£t.  The  assuuiption  that  a  <|uantity  ot"  water  eorresponJiu^ 
imijjCill  of  i>ne  iueh  per  hiair  would  rtm'li  the  eulvt*rt  frtun  a  *'<>m- 
itively  Hat,  rural  eoutitry  of  "l'A\)^  aert^,  whieh  Mr.  Cleem;uin 
tbiab  '*very  moderate,"  i«  uDwai-ranted.  \\\  the  afteruoon  of  Aug, 
1*^78,  u  thimder^torm  passeil  over  this  eityj  dnring  whieh  1*9 
^ffll  in  40  tniimt^s.  The  day  had  bceu  hot^  and  the  .soil  wa*s  very 
4j^  An  Dliservatioji  mside  at  tlte  mouth  of  a  lon^  <:ulvtsrt  in  a  nei^i^h- 
lioiiBp  itminage  art^  of  ahout  380()  ncrts  ,showwl  a  maximum  scMjtiun 
^  46*6  !*<|uiire*  feet,  Tlie  vehK?tty  wuj^  ast^ertained  to  he  1 1  feet  jjer 
*<»ndi^\iiig  a  discliarge  of  511,5  euhie  feet  {>er  ."^xtjud.  Taking 
the  nuafalk  quoted  by  Mr,  Cleemann^  mt.,  8  ineJies  iir  90  minutes^ 
i|\  uiehe;*  in  25  minutes,  it  fy  fair  to  a^ssume  ahout  double  the 
^  tlLseharge,  <>r  .say  I  OCX)  cubic  Itn^t  (ler  Awnud,  as  a  poA<ible  max- 
WD'Jni  for  this  otmi.  This  i**  equivalent  to  a  depth  of  mi n fall  d  =^ 
^'AhZt  (neh  |»er  hour  fmtn  about  t)  square  mik^j,  whit:h>  ecnisidering 
the  i:|}arru;ti'r  of  tJie  arm,  the  dryness  of  the  stiiJ  at  the  time  of  the 
jihon*  fil^arvutimi  and  rueords  ati  other  places,  is  certainly  not  too 
rnirjj  Vi  [>rt>vide  for,  vet  it  would  be  far  lca.s  than  1  inch  per  hour. 
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To  apply  tliis  olwervation  to  the  culvert  which  Mr.  Cleemann 
mentioned,  we  find,  by  considering  the  discharges  approximately  to 
vaty  as  the  squares  roots  of  the  areas,  the  corresponding  amount 
of  water  passing  through  Wingohocking  Creek  culvert  to  be  about 
860  cubi(j  ft^et,  corresi>onding  to  a  "depth  of  rainfall  reaching  the 
culvert  of  <l  =  '307.  This  gives  Avater-ways  equal  to  287,  215, 
172  or  143  sf[uarc  feet,  as  the  velocites  are  rejiectively  3,  4,  5  or  6  ft. 
per  sec.  Now  the  actual  size  of  the  culvert  is  265  square  feet,  and  a 
farmer  living  near  the  site  tells  me  that  he  saw  it  filled  to  within  2  ft. 
of  the  top  by  a  storm  some  18  years  ago,  therefore  demanding  a  water- 
way of  say  200  s(|uare  feet,  and  that  several  times  since  it  had  been 
half  full,  re<juiring  a  section  of  130  square  feet.  Myers'  formula 
gives  a  wat<T-way  of  only  53  square  feet,  necessitating  a  velocity  of 
over  16  feet  per  second.  From  this  example  I  therefore  fail  to  see 
that  the  fornmla  (^  =  Md  is  "  utterly  worthless,"  or  that  Myers' 
formula  gives  anything  like  a  good  result  for  this  case. 

Regarding  Mr.  Cleemann's  statements  concerning  the  velocity  at 
the  culvert  a  woixl  must  be  added.  I  do  not  think  any  engineer 
would  be  surprised  to  find  the  bed  of  Wingohocking  Creek  to  consist 
of  sand  or  mud,  as  in  ordinary  times  it  is  a  sluggish  stream,  wuth  a 
velocity  of  about  1  foot  per  second.  During  a  flood,  of  course,  it  is 
increaseil,  and  the  sand  is  washed  away.  Underneath,  however,  within 
one  or  two  feet,  we  find  coarse  gravel,  boulders  and  bed  rock,  showing 
that  a  veloi'ity  of  even  10  feet  would  be  possible  for  a  short  time. 
But,  as  shown,  a  velocity  of  between  4  and  5  feet  was  likelv  sufficient 
to  convey  the  observed  flood  waters,  which  is  also  consistent  with  the 
fact  that  a  large  willow  tree  stands  in  the  line  of  the  arch.  As  the 
water  section  is  much  larger  at  the  tree,  by  spreading  over  the  mead- 
ows, the  velocity  will  be  less  than  in  the  culvert,  and  considering  that 
the  perimetrical  velocity  is  less  than  the  mean,  it  is  not  out  of  the  way 
to  assume  it  as  being  3  feet  at  the  roots.  But  even  at  a  greater  speed, 
I  do  not  think  the  willow  would  have  been  swept  away,  on  account  of 
its  tenacious  roots  running  far  into  the  banks,  and  because  of  the  short 
duration  of  tlie  floods  in  a  creek. 

Mr.  Cleemann  assumes  that  a  rate  of  1  inch  per  hour  flowing  from 
the  area  in  question  is  a  "  very  moderate  amount."  This  gives  a  dis- 
charge at  the  culvert  of  2800  cubic  feet  per  second.  Its  water-way, 
according  to  Myers'  formula,  is  53  feet.  To  pass  this  amount  requires 
a  velocity  of  53  feet  per  second,  an  evident  absurdity.     Then,  either 
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rninfdl  fit  1  iiirh  [»er  hour  fiir  tlm  vase  wouUI  l>e  pnt!i'f*ly  tno  ^rmt, 
» Myers*  fornuik  in  its  application  to  fiilverts  of  tlit^  8i/.e  in  r|iu^tian 
innot  \w  ii»ed  safely  in  this  part  of  the  country.     The  truth,  a^  1 
riiilv'avorwl  to  *ihow,  ^eeniK  to  lit*  in  tht^  middle. 

Mr.  L>ajTa£iis  remarks  iicxi  call  for  mnm  comment.  1  fMijn<»t  liclp 
<a]jfi?a<ing  my  mirprisa  in  finding  him  quote  at  length  Mr.  K«)e'5 
tables!  a^  ev^denw  in  favor  of  Myci's^  forma  la.  To  ^liovv  in  wliat  a^^ti- 
nwiitifi  ihey  are  held,  a  jxiA^igc  from  a  letter  of  Mr.  Jnliu,s  W.  Adarns^ 
wntlcti  **t'veral  yearn  ajtro,  may  be  of  inrm^t,  "  Ai^  regsirdH  Rixv  Nij 
iiyin^r  in  England  put**  the  ?iUghtest  fHinfidence  in  Im  table  of  rct^idts* 
Tliey  \^rfv  made  in  tliu  onhr  of  the  Bmird  i>f  Health.  I  have  a  letter 
mi  tlk"  sulytit.  fnnn  Mr.  HavwomI,  who  tia*?  for  27  years  past  l»een 
the  chii'f  i-iiginfHT  of  the  London  Sewers  Commissir>u,  which  is  too 
torift  Wt  qtiot**,  in  whicfj  he  *4liowR  how  utterly  false  is  the  -statement 
ibt  thi!'  table  of  K(»e  h  the  result  tif  actnal  gaugings/'  It  may  Ix* 
wJI  to  rifitiei^  that  these  tables,  m  well  as  Bazalgette's  formnla,  are  for 
a  min  i*f  une  inch  per  honr  faHing,  not  flowhuf  njf^  and  that  thry  ure 
for  ItMijj  s*^vv**r!*,  nnt  ^hort  enlvert*^,  wiiich  are  e^ssential  differences, 

Mr.  Pjirnwh  tlit^n  intends  to  show  that  Myers'  tljrmnla  contuiiLs  the 
(»ifHTn>nt  fif  velmt>*  by  the  astonishing  theory  that  the  diameter  or 
tV|Ttli  t'f  die  culvert  rouet  he  twice  the  he«id  rerpiired  to  [>r(xluc*e  the 
ui^iwsary  velocity,  and  with  it  calculates  the  depth  of  rainfall  {d) 
vhich  rfiii^hc«  the  cnlv*eit!     Were  this  true,  then  one  of  the  missing 

^dfRIc■uL^  which  I  mentioned  (p.  151)  as  l>eing  necessary  to  use  the  for- 
mula infelli gently,  is  supjilied.  Such  a  thetny,  however,  is  nnt  at  all 
5fclf*cii*id<»iit  from  the  ftirraida,  nor  from  the  condition  that  the  culvert, 
^Itlt  jnst  ran  full,  and  it  demands  a  constrncfion  which  wonkl  rarely 
«iiew««iir\",  nainely:  that  the  ta^toa  be  07i^ij/ as  tar  below  tlic  lower 
^^Uff  level  as  thi«  is  below  the  upper.  In  applying  this  remarkable 
ttiHiiyto  the  water-ways  given  by  me  in  the  table,  he  very  naturally 
P^  **  ridiculous  widths,"  and  therefore  condenms  the  water* wa}'s, 
TW  prryptT  method  of  determining  the  depth,  and  tfie  one  fbrtimately 
fni^i  a^,  is  to  consider  the  highest  flood  level,  which  is  found  by 
^i^fh,  itifi^rniatioij  or  estimation,  as  the  top  of  the  water-way,  due 
mlowajice  |;>eing  made  for  back  water^  and  the  bed  of  the  creek  as  the 
'>c%)fn  (p.  157),  The  difference  of  water  level  above  tmd  below  the 
ctiltm  and  the  i^c^ulting  vekunty  adjnst  tbeniwlvcs  ar^^'ordintr  tn  the 
diffontifv  in  the  sha]>e  of  the  water  st^irtions  above  and  in  tht^  (id vert, 
and  Ut  the  nipughness  of  the  wettecj  jierinieters. 
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To  make  liis  theory  fit  the  csise  of  the  Wingohoeking  culvert,  Mr. 
Darnich  is  ol»liire<l  to  {tssiime  that  the  creek  below  the  culvert  "nml 
have  Ix'en  ol>strii(te<l,"  which,  hy  viewing  the  locality,  seems  vat ' 
iinj)r(»hal)le.     He  tlien  says,  **  there  is  no  evidencie  of  a  grejiter  velodtf 
in  the  culvert  than  2  fe<*t."     By  considering  that  the  general  grade rf 
the  ci-eck  above  and  lx*lc»w  the  <nilvert  is  over  8  feet  per  l(KX),(ai 
ing  a  mean  vcl<H'ity  of*  nf  lenM  *\  feet  p<»r  sec.  dnring  n  flood,  I  think 
then*  is,  on  the  contrary,  the  bcM  evidence  that  the  velo(?ity  in  therim- 
tracted  spacH*  of  the  (»ulvert  was  nejirer  5  feet  than  2  feet  |»er  sec. 

I   cjinnot,  therefore,  see  tlie  consistencj*  of  Mr.   Darrach's  theories- 
He  de<lllf^es  indirtH'tly  from  Myers*  formula  a  value  of  //  =  (W  for 
2r)0()  acri's,  or  i\  dischai^  of  o()()  cubic  feet  p<T  sei*.     Then,  on  the  one 
hand,  using  the  s'tmc  formula,  he  getfi  a  water-way  of  50  square  feet, 
which  necessitates  a  velocity  of  10  feet  to  discharge  that  amount.    Go 
the  other  hand,  in  commenting  favorably  on  the  sizes  of  the  old  cul- 
verts in  Philadelphia,  he  does  not  grant  even  a  velotdty  of  5  feet  to 
have  fKX'urriHl  in  any,  and  in  the  cjiso  of  Wingohocking  culvert,  whicbs 
drains  very  nearly  the  alM)ve  area,  a  velocity  of  not  over  2  feet  i^ 
a«lmittcd  ((claiming  an  obstruction,  however),  which  demands  that  tk^ 
result  of  ^[yers'  ibrmula  lie  multiplied  by  five  in  order  to  satisfy  hi«^ 
own  value  (500  cubic  \'^\^  per  sec.)  for  the  discharge. 

I)<Ks  this  not  show  that  it  is  irrational  or  at  least  unwi^  to  indude- 
the  element  of  vel<»city  in  Myers'  formula?  Would  it,  for  iiistance, 
Ik}  go<Ml  engineering  to  buihl  a  short  Hiilnmd  culvert,  in  a  very  flat 
country,  across  a  sluggish  cre<'k  dnnning  2500  acr(2*  with  a  velocit)' 
of  s:iy  2  fcM't  per  sec,  so  small  that  it  would  n*f|uire  a  velocity  of  10 
feet,  a  flow  five  tiriics  ijistcr  than  either  above  or  below  the  culvert, 
to  discharge  the  tlfKid? 

Finally,  I  did  not  anticij)ate  that  Mr.  Dari-ach  would  suppose 
from  the  text  of  my  dis<-ussion  that  the  values  of  r  and  d  selected 
for  th(^  tabic  (p.  15t))  wen^  what  1  .c<.)nsidered  ne<»essary  to  provide  for 
in  every  f-iisc.  Altln»ugh  they  are  reascmable,  I  do  not  think  that,  for 
instance,  <1  =  1  for  <>  ln()  acn^s,  would  (K-cur  in  our  c»ountry  unless  the 
area  is  very  >tccp  and  the  surface  frozen  at  the  time  the  heaviest  rains 
oc»cur;  nor,  a-  the  gist  of  my  discussion  was  that  Myerg'  coefficient 
depended  on  numerous  variables,  would  I,  without  qualification, 
"demand  it  to  Ih'  increased  tentV>ld,"  except  when  the  rainfall,  inclina- 
tion, velocity,  etc.,  just ily  it. 


WklWt- 
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Mr,  €kas,  G*  Dabhach^  Nov.  15th*— Before  closing  tht^  ilisciis&lun 
^rn  Myet^'  iurmiik  I  wislj  to  mention  some  fmts  gleaned  from  my  own 
UlmTvation  and  from  tliat  of  others^. 

Puring  ihe  past  mooth  Mr,  Oleemanii  and  niyaelf  meaflured  the 
I  qitfitraerit  basin,  drained  by  a  box  culvertj  2  feet  wide  by  3  fret  high, 
iWHWr  the  Rradiiig  FEail road  at  Perk iomeri  Junction,  nmr  Pauling's. 
The  culvert  was  of  good  rubble^  with  a  rough  atone  imving,  and 
bil  a  tall  of  two  feta  in  W  entire  length  of  107  feet.  It  was  builr  in 
IWG,  drained  90  acres,  carried  the  masimnm  flofxl  until  Get,  4,  1877, 
Hid  ihiriijg  si  fN*rio*!  of  40  years  was  suffieiently  large  i^  csariy  all 
tiH-wat^r  n-aeiiing  it.  During  the  storm  of  Ckt,  4,  1877,  the  enibank- 
fliuM  abiive  it  was  dejfLrt>ye<L  The  water  was  forwd  np  Lietween  the 
^wpjiiig  stones  by  the  liead  of  water  in  the  dam,  whieh  had  atjcumii- 
lata]  \mhml  the  bank  and  above  the  top  of  the  eulvert. 

The  i'lilvert  in  cjuestionj  having  but  si^t  sf|Uare  feet  of  water-way, 
leero?  Uf  Uav*^  lieen  ju&t  too  small*  Myers'  formula  would  have  made 
k^  v^arm*  feet,  which  in  all  probability  would  have  l:)cen  auff]t;ient 
t^vm  fiir  a  storm  whieh  h  without  a  preceflent  in  the  S^i-huylkill 
Vdlw.  Comi>aring  it  with  the  storm  of  1869,  we  tind  that  at  Phte- 
nixfillfe,  2i  mileB  distant,  Oct  4,  1869,  7  inches  fell.  Oct-  4,  1877, 
^  inehew  felt  in  about  Ih  hours.  Mr.  Ja8.  F,  Smith,  Cousulting 
fim^  Rimfling  liailroad  Canals,  writes  to  me  a^  follows  ^  **The 
of  1809  was  of  such  a  character  at  almost  every  dam  below  the 
inf>ant4iin  a»  to  preelnde  any  mea*snrements  ;  some  of  the  dams,  such  m 
PaiiUag%,  were  drowned  out,  and  at  others  the  water  paBscd  around 
ck*  a  but  men  t£]/' 
lu  regard  to  the  flood  ok*  1877|  he  sayst 

*M>n  that  ix^tLsion  the  rise  wns  very  limited  above  Phojoixvitle,  but 

at  that  p«»iui  \yw-^  hudden,  and  so  also  at  Pauling's  and  Oatiii?Ji  dams, 

other  fhini'N  quite  to  Flat  Rocrk.     The  rise  at  Port  Kennedy,  <»iie 

tl^  al*ov<^  Caitfi^h  dam,  canK^  suddenly  and  Burprisal  Ixnttmeii  who 

WcTK  rMtt  i^rejiared.     The  rise  wa«  ten  feet,  and  boats,  scows,  etc.,  were 

mbfd  on  the  tow-path  and  in  the  field^/^ 

This  i^cifm,  although  not  general  in  the  Schuylkill  Valley,  raised 
|he  Wilier  on    Fairui'mut  dam  7|  feet,  being  higher  than  any  other 
rmM  flood  except  the  great  storm  of  Oct*  4,  1869,  when  it  was  11 J 


'    Tiir  ;^ri*r'nil   aj>|»beati(ju  of  MytW  fornuila,  as   suggei?ted   by   Mr. 
*ltt;mnnn  firr  brttlg<»S|  /,  c.j  fur  large  drainage  areiis^  toreei^  ub  to  study 
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it  and  attempt  to  (lisei)vcr  tlic  natural  theory  (if  one  there  l)e)  appli- 
cable to  this  enipiricral  formula. 

From  the  experience  of  ^[r.  Myers  we  find  that  the  maximum  flow 
is  proj)ortional  to  the  s(|uare  root  of  the  drainage  area  i  "m,  and  not 

proportional  to  the  average  brcjidth  of  the  drainage  area,  i—    as    sug- 

Jj 

gested  in  Mr.  Hering's  formula,  Q  =   — 1 — ,   nor  will    this   or  any 

Jj 

other  formula  determine  the  maximum  flow  when  it  is  oeeasionetl  by 

the  melting  of  ice  or  snow,  which  we  must   infer  from   Mr.  Hering's 

remarks. 

Introducring  the  iaetor  of  velocity  into  Myei's'  formula,  we  obtain 

the  quantity  Q=v  X  <- 1    37,  in  contradiction  to  Q  =  B  X  -—  X  r; 

X/ 

calling  r  X  c  =  c',  Q  =  c'  V  M. 

Imismuch  as  the  maximum  rain  storms  vary  in  different  countries^ 
it  is  not  possible  to  fmme  a  formuhi  in  which  the  value  of  the  txxjfli- 
cient  or  modulus  will  be  constant,  and  at  the  same  time  universal  in 
its  application. 

The  values  of  c  and  o/  depend  upon  the  geographical,  topographical 
and  geologicxil  features  of  the  aitchment  biusin  as  well  as  upon  the 
amount  of  the  storm  or  storms  that  reiich  the  culvert  or  bridge  in  a 
given  time. 

When  the  other  conditions  are  the  same* ;  in  small  ai  ea.s  the  maximum 
discharge  will  depend  upon  a  proportion  of  the  direct  down-pour  per 
unit  of  time;  in  larger  areas  upon  a  part  or  the  whole  of  a  storm  or 
series  of  storms. 

Mr.  Mycins'  expericn<*e  in  Virginia  gives  for  small  areas  c=  1,  or 
l-j^,  which  se(»ms  to  apply  as  well  to  Pennsylvania.  Introducing 
t?=  10  in  paved  culverts;   c'  =  10  or  Ifj. 

For  areas  drained  by  cn'cks  or  small  rivers  in  which  the  maximum 
discharge  occui-s  before?  th(;  storm  endsj  the  coefficient  c  will  vary  in  this 
country  and  Kuro{Ki  from  2  to  8,  proportional  to  the  dminage  area. 

For  large  rivers  in  the  United  States  and  Continental  Europe  the 
value  of  c  may  be  taken  as  10  and  c'  as  60,^  derived  from  the  follow- 
ing table  of  the  greatest  ivc'oixlecl  floods  fmm  the  given  dminage  areas, 
excitpting  the  river  I^oire,  in  whi<*h  the  great  fl<MKl  was  no  doubt  cjuischI 
by  melting  snow. 

'  In  Rwt  India  niaxiinuiu  c       50,  r/       8(M). 
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Rn'EBS. 


I  Drainage 

I  Area, 

!  M          i 

I  acres.      ^ 


??. 


II  *^ 


Di^harge. — Cul', 
ft.  i>er  Koc. 


I    ^ 

g  If  t 

.1      ft. 


Mimipfii  at  Be<l  RlTer  Landing 7CM5,160,(iOl)  27(»,0<ir» 

383.160 

liwMpitiatColambu8»Ky 57rs(HO,uuo  104,44i0 

DmhiI*,  Eonipe « 'l»2,fJ00,0(K)' 

I  '  140,000 

<*»»! Mooth « i:i6,9GO,0Oi.>  l»;s,(KX» 

I        :"'°°° 

iMHilipi.....^ ll»8,irK»,00<l  l(Hj,<HHI 

,  104,000 

B»J  RiTer...„ „ '  Ci,()8<»,«)(Hi    7t»,7<M) 

I  ;  78.790 

iMn^Eanipe....... „...i  WJtK^OoiJ, 

I  ,  68,340 

««bbitWlj«ling ,  14,720,iKH)'  r>0,(Kx) 

,  '  38.366 

lttoae,rnuKe '  11,Wu,(Kh.i 

'  '  34.000 

Kkln<„«^» /. 10,24o,«KM» 

32,0<.)0 

'■'^utttttiat (;,:>(  Mi,(HMt 

,  25,500 

M«*»re :i,l(X»,«iiK>,  *iV'"<J 

I  I  ^2,360 

l«-t.. :i,8-i(»,iK)(>' 

I  '  10,600 
I 

Mrrrinack i  2,»J.*)0,<KHi. 

I  I  16,280 

^•ire.  fnatx '     l,408,(KWr 

;  I  ii,£66 

^boylkill,  Miiladelphia '     \;ili),(m\  l2,r.,Vi 

■  I  ",1^30 

•^hnjIklH it  Paullng'8 '     l,(HMi,(KKr   lo,(KH) 

i   10,000 

•.iTiton, Xew York '       in.CKK),  i2AK).'i 

1  I     4.658 

Pa**ic,New  T5rk |  128,(K)0' 

I  '     3.577 

Xtrfjiu,  M««..._ a '  7u,4<K)i 

I  2,653 

W.^bejKl,  Eng I  7/^10 

840 

1  Weir. 
14 


60      1,693,960        o-ooai2 


8'r>3    G-8r 
6        10 

58 
1  60 

1,403,«MK» 
». 440, 798 

(r(R>24 
0-0025 

6 

i 
10 

'   71 
'  60 

l,rKNl,(NK) 
840,000 

0-oo.-,i 
0-0044 

4-2 
6 

14-3 
10 

0(1-3 
,   60 

700,«MM» 

702,000 

o-(io.->i 
o'oo5x 

•« 

1  9-i; 
10 

1  ^ 

624,000 , 

0-0058 

6 

10-1 
,10 

1  60 

473.740 

0-0076 

6 

10 

'  7'J 
1  60 

1 

.'.40,<MHI 
409,040 

O-oll.-, 
0-0089 

4 
6 

13 
10 

;S 

2(iO,(K»0 
230,000 

0-O13G 
0-0x56 

6 

10 

■   CO 

60 

202/»«K) 
204  000 

0'0177 
0-0177 

6 

10 

ni 
60 

ir4,7o(i' 

Ooioo 

o-cif;,^ 

6 

10 

SI 

6^, 

20.v,(.H«t 
153,0^0 

o-o:;jo 

0-O2J5 

6 

;lnr> 
iio 

60 

134.160 

0  '0263 

6 

,10 

-.9  •■) 
60 

ii»;,»vio 

117.600 

0  WA<i 
0  -0307 

6 

1.0 

WI  -2 

60 

yM.''»oi 
97,680: 

0-O37U 
00369 

6 

10 

1 

209 
60 

24H,4(M.), 
71,1961 

0-177 
0-0506 

6 

'11-5 

lio 
1 

^ 

70,0(K) 
66180' 

0  •o.".7r> 
0  -0544 

6 

ilO 
no 

1 

60 

1 
60,000 1 

0-0600 

n.^ 

1 

10 

S 

2r.,3«>o, 

27.9481 

0-117 
o-ia8 

6 

1  ^° 

1  W) 

;  60 

18,(.KiO^ 
21,642 

0-144) 
0-168 

6 

1 
10 

43 

i5.9»8l 

0  1«;2 
0-226 

6 

10 

42 

'   60 

3,-.12, 

5.04'>| 

0  •r.(H> 
0-700 

i^.^i  h»jsr»i^yfOn  on  Wnt^r-troy  for  t\diKrb^    l^roc  £v.  Qni. 

'J'ii*-  v«  ]*,#-jiv  '/?'  t|;'r  fl'»^^J  'iJiT'-nl  with  thlr  ^lae  Traa5«r-"WBv  t  cutfi* 

<-/ijs(j.   i/j  \\\l\*'\^   jt   in:j'.  riw-  lii;r!i<'r,  in  hiw.  <-SLrf:  iv  *  !-:«e:  "jier  •**r^  7- 

)'"i«/iii  fill-  ijjlj*-  -A'-  i\w\  that  th<r  vahu;  of '/,  the  fl':*«d  •ii?*<*jiu?:»rt  i¥^. 
f4jf,  \ft'V  unit  *fi'  'JiJiin;i'j/':  an-ji,  i-  iiiv<-r.-<fly  |>iv;jK.frt:<^43a2  v«  liif  *c«iiiir' 
i«/'/t  of  th<  «]r:ii/iat«'  ana.     n>Ia;:r^iiii-  -howii  \rith  '^Z.  ''^2ij>3  J  iij^iffi-c! .. 

'1  h«'  apj>li*.;itioii  of  thi-  forrii  o/  f^j nation  to  rleterfiiin*r  ilir  fi'»:»d  di— 
<'h;iiv*-  i'-  "ot,  ho".v<v<'r  im'vv,  a-  th<*  fomiiila  of  Dir-ken*,  pci^iDoed  T'*  tij- 
wiiiH'  notation  l/^'onMM  (/  r'  /  I '(17  |  j/,  ami  in  the  Pr-xiwdiiiirS'  ■:•: 
ihi'  In^iiintiwn  of  Civil  Kti^Mti<*ct>*,  London,  vol.  xxvli.  in  a  juiTtLT  ?\v 
l/i«'nt.  Col.  I'.  I*.  LyotH  O'C'ontioll,  U.K.,  diagniin.s  and  ibe  fcinnnii 

//  -  J/  I  ./■  at*'  v:'v<'n,  in  which  //  :r=.  (lini'liargc!  in  cubic  \-ard*  j«i«r ?*w-, 
r  the  Ht'jiina^c  at'ca  in  M(|narc  inilcH,  and  M  the  in*>.liili2f  of  lii*. 
htii*ain  ;  in  ordrr  to   niakr   \\w  r(jnalion   apply  to  .smaller  streaiDjc  L 

••  l''or  the  KaKrof  illnstration  it  will  Ix*  assninHl  that  a  districi  eiisi> 
in  wliii'li  till*  inaxiniNin  rate  of  r:iinr:ill  is  o  incjics  an  hour,  and  tLt- 
tnaxiinnni  vmIim' nl'tlir  niojlnhn  J/ is  lit).  This  rcKpi ires  that  the  oriirfn  •.*:' 
(Ml  iii'diniilcM  lir  sitniitrd  nt  a  pimil  in  the  parabola  wIutc  its  ge<:»metrkai 
tan^n'nt  Im  inclinnl  to  tlir  axis  of  ./•  at  an  anj^h*  wlio.se  trigonometrical 
lanpMit    I"    r.Il>.      ir.r'iunl   //'he  thr   nM'tanirnlar  co-ordinates  of  thv 

rnrvc  nica-^nnMl  tVt»ni  this  point,  its  (Mpiation  is  */'  =  2()  \\x'  —  _: —  . 

'  '  •  >  12*1 " 

tlip  mi'M-    hcin^v   nicasnnMl   in  sij na re  nnlcs  and  the  discharge  in  cubic 

\urd«  |»cr  MMMihd.      Ihit,  !is  t'or  small  art»a^  it  will  be  imH'c  convenient 

to  mca-Mirc  the  area^  in   acres  anil   tlu*  disehargi*  in  cubic  feet  i>er  »<-c.. 

the  t'ornuila  Immumucs,  when  adaptinl  to  these  nt»w  measuixjments : 

A  o 

NeiN   nearh  ,  or,  at'ier  the  solution  ol*  thi**  ipiudratic  itpiation  : 

Kedn»  oji;  r,«l.  0\  \»uneir^  orii'jtial  ispiaii^Mi  lo  the  siuue  notation  a- 
Ml.  MNe\-.\  thr  »ompar»*«vMi  i^  a*-  iolK»\\^: 
M\ei^.  O       e    I     H 

hukeuN       K}       r    \  I  i>7  \     M 
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RtTwjt^FH  Herin<],  Nov.  15tli.— Mr.  Damu^h,  by  insinuating  tbe 

Mrm.lnt'?^  uf  the  formnlM  Q  ^  D  -^  r,  giv«n  p.  15*2,  s^iliows  t'\'i- 

/^ 

'it  lit?  ha^  not  examln*?il  it.     I  will  therefor*^  review  Ob  theory. 

■  tirit*i*fiMn  tlier€?witli,  im  be  hjis  enliu'getl  ujxin  river  flood h  hi 

al,  g^ive  the  re?^ultfl  of  some  atiuiiea  I  made  on  the  same  subject. 

By  a  little  refitH-tioii  it  will  be  evident  that  the  inuxiinum  amount  of 

[  waftr  {(/)  that  <tmi  reiu^h  the  lowest  point  «>f  a  ilrainage  area  at  any  tnic 

«n.nil  ife  eijiiivalent  to  a  body  having  ttie  following  three  dimenmons  : 

'/=  the  averagt:;  depth  of  niin  flowing  »>fr  the  surfatH?  i>er  second. 

its  tlie  avera«£e  dinuvuee  whieh  a  |mrtlde  of  water  flows  dnring  the 

I  aitinf  »^torm,  from  the  average  ^^lope  and  mciisureil  along  the  How  line. 

Fi«r»as  the  average  unit  tif  area  iTceives  every  second  not  only  the 

\  uimHUit  of  rain  that  k  falling  on  it  Init  also  the  water  that  is  running 

m  II  from  the  imit-^  above,  the  inaximnin  amoiuit  jja&^hig  the  lowest 

ptr  §ecoml  will,  if  r  h  the  distanee  the  water  flows  jier  second  and  t 

fliin  of  tlii-  nim^  nmie  frum  r  t  iinitw,  wliieh  k  efjnivalent  to  tht* 

_    li?aanre  that  mw  partiele  Howk  iluring  the  endi'e  st(jrin,  or  8* 

6  s  the  average  biH?adtli  of  the  widest  jiortiou  (of  tlie  rain  area)^ 

kiivin^;i  li*n^tli  n  and  meti'?Mre*]  on  a  enrve<J   line  Iniertyeeling  the  line^ 

.tif  iiwiit  right  angles.      For  it  will  Im3  evident  that  tlie  water  from 

[ill  m\u  of  ureji,  which  are  eqiudly  far  from  the   lowcs^t  piint,  will 

f»ipb  11  at  (lie  i^nie  time,  mipposing,  of  <?onrsCj  uniformity  of  sto|>e  ami 

*^UY,    Tlieu  the  max i mum  amount  disc^harged  at  any  one  ser.¥md 

^11  mnn^  from  tbegreatoM  jwi^^^ible  number  of  etinidlstant  units,  whieh 

I  Uicmj<i'K*is  jjttS8  the  gn^ate^t  amount  of  water,  vt  or  #.     This  will  be 

\inm  mi  area   having  *f  for  ifo  length  and  6,  a^  defined  before,  for  it^ 

(^  =  iKH.h  (1) 

r»*r  obvious  P-'aj-HU*-,  x  eini  never\'xee<.'d  the  length  of  the  th'ahiage 
*^5i  riw  A  it.s  bnwith,  rm'a^rured  as  above.  Thi;^  e(|nation  is  stri(*tly 
tnii' us  (ii^r  sii^  a  pro<lnet  <if  avemges  vm\  be, 

Tlmt  f/  iH  thurt  |>r«ip4>rti<^nal  to  the  greatest  breadth  will  be  ^jnite 
•*l«irly  ?t^*tt  by  examining  two  Hectors  of  erjual  ai'ea  but  \vith  diflerent 
''^Jfi*  If  th**  raiu  should  lai^t  but  a  niometitj  the  maximum  diseharge 
0*  tlie  vertiei^  varies  directly,  m  the  ares  or  the  widths,  but  not  as  tlie 

I  iWMs,  m  Mr.  Darrach  aflfirms.     The  hunger  the  rain  lasts  the  less  will 


T--^n:rv    r^iL-.    inriL  when  j>  =theradu 
.1-      QiOiiL  Ln«i  <.-*nuiL      Q  then  varies 


=      •  ■  (2) 

=.-  .mi:.:i:i'*  .rn:i  iiviiiHil  by  the  length 
•"-•.  L-^-LLi.::.  •!  he  "iicire  area  instead  o( 
■i:^"^  .  ^"  uiV'-  -he  t'. •rniula  which  Mr. 
.T"--^.  £'.-'yi^^-i-r.  I  rhink  it  will  now  be 
JZ"  '■■•*  ':""'  vTtii  riiti  breadth,  as  shown 
-_:•••    -^ -r    ••     :.r    a-'^.i,  <*x<fpt  where  these 

..n:i-:-  vir-  .1  >L\  Darnu-h'.s  clir?cusj?ion  it 
::.-  -a>  :-rini::i  :i  ;irrie  furthor.  Yordt 
:ir  -[.  »v-:i:j:  'IT*  iiiriii^  the  en tirt^  .storm,  W 
;.•  I'-rA'^-  it])rii  -r*  the  raintall  iii)on  th 
J  c.  .  ..  -I't  i:  -^'rt>«.i|,  retaiiKnl  or  evap 
L.:j'-  l"  M»-  L.'"i':iu«-- sI«»[»o  ancLc  a  coeffi 
i:  ■•:  i'  v'.i--    ii'  ::n:  vrn.uiul,  we  ma v  writ 


I     >:  7  •:...  V. 


^y    .-■•.  r  :    L  .........  .  (3) 

''.'..;.....   :  r   .    *..     J  ..-.••..     :-   "la  ri«M«l  <lis<'liarox*« 
'..■...    .n-r.    '.,   ■:-    •:.•:   '!.-.!...  ^■■.  .■.:  :i.  lL\  11  A  uppl 'u.'S  to  tlio  lattt 

fl  •  Im./iIi  oI   rli<;  'lr:j!;j;..:-  ;i:>a.  rkr-ii  V=  .1/ '^  as  shown  poj 

f  '.rf»|i;iriFi;';  (Im*  forrniihr  of*  C)'('«>im(H  and  Dickens  with  o<juation  ( 
•I  find  linit  flM-ir  vjihir!  I  M  npns^.nt.^  our  />,  and  their  modulus  r' 
'.III  (nodii'l  //«  '*r  I'f'X  t  2// sin.  «.  The  1  J/,  then,  is  nierelv  a  co 
■I  n\i  nl  M|»|»i'o\iniJilion,  jis  w(i  have  seen,  and  will  be  the  more  com 
ihi  li.!*;  dilli-nnrr  \\u'vr  is  between  the  len<»;th  and  breadth  of  the  an 
lb'lnMdlii|r  r\  il  will  be  noticed,  from  Mr.  (,'leemann's  iL<  well 
Ml  hiirnieli'M  Ijible,  that  its  vahies  are  nearly  constant  tor  the  act ii 
llnnd  ili':»lmr^M'M  IVom  over  llOO  s(|uare  miles.  This  tact  will  find  i 
e^(|ilf»Miilion  l»y  considcrinix  that  our  value  tor  it,  </>*.  is  the  amount 
NMilei  IVom  M  s(ri|»  ot*  L:ri>untl  who>c  width  i-;  unity  and  wh.v^:-  h.-i^r 
luyorcr     Wo  can   then   ivadilv  s^r,  as  the  extent  vf  :he  >tt»nu 


-  ICT$.  No.  4  J  Bkeitmkm  <w 

^lilK'iHh'i}!  i>f  thf*  ilniiiiage  areaj  that  t\m  amount  must  generally  hi* 

m^i  tilt;  s.*itn*^  (or  all  arwis  in  which  the  water  from   the  higher 

Dinis  iltKis  not  riiueh  tlie  h»west  before  the  storm  ceast^,  which  will  bt^ 

he  case  in  urea^  over  say  200  s^juare  inilM^  providing  the  climate  and 

vneml  fi^pcigraphy  are  the  same. 

Tlierefoi*e  the  f'ormula  Q  =  <•'  I ''  31,  with  a  constant  coefficient,   is 

|%i«onf*tk!ally  jiii^titiod  a^^  a  rougli  approximation  i'or  large  artiifl.     Mr. 

IXXimidi  iielt?cts  e'^fiOif  the  aresiH  are  acre^s,  which  answ^crs  welt 

[-AmjFihiig  to  (lie  eImjvo  ix^i^oning,  this  ^efficient  miLst  decrease  for 

-sml\  aD5i8,  and,  in  unler  to  refxjiicile  Myeis'  formula  with  thi^  one,  he 

l^wtsa  evteilicJerit  of  50  to  20  for  creeks  and  small  rivei^  and  10  or  16 

foqwval  ml  verts,     liut  a  cocnirient  that  varies  from    10  to  60  with- 

oiii  fitrthrr  guidance   k  certainly  not  mt  is  factory.     If  it  varies  with 

tie  nmi^  t%^  rnight    upiK'ar  to  be  the  cojie,  and  if  wc  take  for  a  ma:Ki* 

rowai  tu»  ;imi  of  200  sipiare  miles,  and  let  c^  denote  10  or  16,  aecortl- 

1  in^  to  the  i?|i%'piMHs  of  slr^pi*,  n>  fif  han  i^roiKjf^cdj  then  Myers'  formula 


.-(.'+^D,Tr 


(<» 


.wliidi  would  ausiwer  much  better  than  the  wide  ran^^e  of  eoeflieieiit^* 
'  Bm  even  this  would  be  as  irrational  ai*  they  are,  when  we  get  Inflow 
IflOacm*,  d  I  owing  i^aiu  that  the  function  1??  WTong, 

hi-itu<lying  the  question  of  HtMHl  ilisehargeSj  primarily  with  reference 
tt»  W^*  «i?werSy  it  was  my  ilesire  to  obtain  a  more  i*ational  fiinnula 
tkm  thdse  in  use  at  presentj  and  equation  (3)  wa^  the  re?^ult.  Being 
rt^rtiiKut  to  the  matter  under  tlisca^ion,  I  will  add  a  few*  wonlh 
^^♦Jiremiiig  it, 

Tlio  (m[*er  of  Lieut.-CoL  OX'onnell,  ([uoted  by  Mr.  I>arrach,  vms 
f^ilmtal  by  a  Icngtliy  and  interesting  dii?cus&ion  on  the  forintila  he  had 
p^fi^^b  MnJ,  T-8mith  i*eniarks:^  *Mt  has  been  well  Siiid  that 
tlie  miMlnltts  (<^')  vrti^  too  wide  and  comprehensive  to  lie  of  much  use, 
IiHuxler  to  make  it  u^^fulj  it  must  be  takeUj  t^plit  into  part^  nnd  eaeli 
part  vahwxh"  And  lie  mentions  a^  suehj  the  relation  of  the  area  of 
famfnll  to  the  drainage  area,  ttie  structure  and  general  character  fjf  the 
MiTfa<'i»^  the  nniount  and  coutinuanoe  of  the  rain  and  the  general  form 
aiiJ«lo{ieof  the  IxL^in.  ^*  If  tht*sc  jjointa  w^^re  attendeil  to,  It  woidd 
I*  IKmable  to  a^xTtain  something  like  a  fairly  connect  though  rough 

*  *•  FfiM.  Inst.  Ci\%  Engn./*  vol  i^vii,  p.  240, 
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estimate  of  the  maximum  flood,  and  that  was  all  the  engineer  wanted." 
Mr.  Beardmore  suggests  that  tlie  sine  of  the  angle  of  the  general 
slope  of  the  country'  should  form  an  element  in  the  formula  for  the 
discharge. 

Now,  it  will  be  noticed  that  equation  (3)  contains  all  the  elements 
which  are  here  mentioned  as  being  necessary,  and  which  are  wanting 
in  O'Connell's  formula.  I  therefore  consider  it  worth  a  closer  exam- 
ination. Of  course,  without  values  for  the  coefficients,  it  can  be  of 
very  little  use  at  present,  but  it  shows  in  what  direc*tion  data  should  l>e 
collected. 

Instead  of  one  coefficient,  there  are  three  which  must  be  known, 
namely : 

1.  r,  the  entire  average  depth  of  min  that  falls  upon  the  areii  dur« 
ing  the  storm,  or  of  water  formed  by  melting  snow  or  ice. 

2.  /,  a  fraction  indicating  what  proportion  of  this  water  actually 
runs  off. 

3.  c?  the  coefficient  of  resistance  of  the  water  flowing  off. 

At  fli'st  sight  it  may  appear  difficult  to  find  proper  values  for  tlieui, 
but  a  little  incpiiry  will,  to  a  grejit  extent,  dissipate  any  fear. 

It  would  lead  too  far  in  the  present  dis(*iLssion  to  exauiine  how  eat*h 
one  might  be  found.  I  will  merely  observe  that  r  varies  indinn'tly 
with  the  size  of  the  area,  and  can  Ix)  properly  determined  only  from 
min-gauge  observations  at  luiineroas  ))oints  not  far  apart,  or  that  it 
varies  directly  with  the  temperature  when  the  ground  is  covered  with 
snow  and  ice,  and  that  /  and  c,  being  independent  of  the  size  of  tin- 
aresi,  can  be  obtained  from  ([uite  small  areas,  convenient  for  experi- 
ment. It  would  be  necessary,  in  the  case  of /and  7,  to  adopt  a  scaler 
each  point  corresponding  to  certiiin  physical  fciitures  to  be  indii^ated 
thereby.  All  existing  flood  records,  provided  the  projier  elements 
could  be  obtained,  would  likewise  be  useful  in  determining  some  of 
the  values  of  these  coefficients. 

As  progress  in  engineering  science  consists  mainly  in  more  completely 
analyzing  forces  and  their  actions,  and  in  studying  more  thoroughly 
into  details,  why  should  we  not  strive  to  advance  also  in  this  direc- 
tion and  endeavor  to  discriminate  more  properly  between  the  dift'ercnit 
causes  affecting  a  flood  discharge? 

Until  we  have  more  observations  on  the  values  for  these  three  coeffi- 
cients, it  is  of  course  necessary  to  use  less  accurate  means  for  detennin- 
ing  these  discharges.     For  large  areas  the  formula  of  Dickens  with 


if?f:Ktfc^l 


fmW^m^^pmfJWi 


In  Clcctruum's  cMjefficient  ami  tlit;  fornmla  of  O'Coniiell  witli  Mr. 

ttrr.U'li*^  nieffioient,  the  luttnr  giving  grciiter  discliar^cs  tlmii  tlie  for- 

n,i&,m  vt-ry  siiniile  ant]  <x>iivenient.     For  small  aretu^,  however,  tliere 

^n*i  n^liabk?  jipproxirnatians^  and  also  very  few  record!?  of  flood  dis- 

Desiring  to  obtain  some  Hglit  in  the  matter^  I  plotted  some 

luinc  .t|?i  tlie  availaljlc  reeonb  to  see  whetlier  a  probable  eurve  could 

liwt  l)e  fDiind*     Commencing  at  aero,  such  a  curve  would  have  to  start 

[  in  tJji' dircttiun  of  a  line  indiciiting  the  maximimi  minfall  jM}r  s<_^.  on 

4vm*&miLi!  areii,  which  would  be  one  condition.     As  all  the  cx>effi- 

ricnte  will  t*on verge  towanl  thri*^e  of  the  largest  basing  it  i^  safe  to 

fmnituit**  all  the  curvcss  at  or  near  the  greatest  flood  disucharge  of  the 

Mi^i'*j|ppi,  which  wnuhl  1m:  another  condition.     A  third  one  will  be 

IfHiiKtW  examining  interiue*iiute  diseliargeii,  and  the  fourth  k  tliecou- 

I  iiim  for  the  zero  potnt*     I  have  drawn  several  of  such  curven  (pam- 

rtinti  with  varii-ms  ratch  of  minfall,  and  all  terniinathig  near 

urge  of  the  Min^if^ippi  (diagramf>  ??hovvji).      It  will  hif  ^eeii 

Uiut  tli(*T  answer  well  aj^  approximations  for  die  actual  Cfism,  and  it  is 

tiwrt'fiuT  at  lea^t  ftrobabli*  that  they  will  also  apply  to  the  intermediate 

loe.,   T!h*  if*nvr:\l  L«<piaiion  of  the  curves  is 


^  =  fi  1    M  +  h^eM^d  (5) 

in  wiiiili  Q  is  ihi?  discharge^  jVthe  drainage  area,  €i  tlie  square  root  of 
Mmhh  ilic  panuneter,  b  the  abscissit  and  d  the  onllnate  of  the  isero 
f«wit  with  reicrcnoe  to  tlio  apex  of  the  j)arab(ila,  and  e  the  tangent  of 
rf»^  fiajrlf  which  the  axis  of  abscissa.s  for  the  Ms  fornii*  with  that 
"t  th  fxirabola, 

Tbis tipiation,  with  a  slight  niodifu^ition,  might  l>e  made  tt>  include 
diwf  (.■«>mlition  tliat  tor  very  small  areas  the  discharge  varies  directly  as 
Uwjapii,    To  enter  into  thi&  won  hi  Wd  Urn  Car  at  present. 

For  Jf  aa  {K|uara  mi  lea?  and  acres,  and  Q  as  cubic  feet  per  sec,,  the 
N»il«iwijit^  are  the  vahies  f  )r  three  4if  these  ciii*vefc.  A  closer  study  in 
mniiceticm  witli  new  ol>Hor  vat  ions  may,  of  course,  nio*lity  them  some- 
waiit,  la  on]er  to  Imve  round  nMml>ers  as  much  a^  possible,  the  rain- 
talL^wttpe  not  a'^sumccl  a-^  regular  fnictiotis,  nor  will  the  valne*^  for 
:^T»  and  luiles  corrcsj*ond  exticLly,  which  is  not  at  all  necessary  in 
'"furnks  fof  ai>|jnJxiniations: 

h  Ft ir  flat-,  rirnil  a mn tries;  the  maximnni  rain  flowing  off  of  a 
vtiT  >{nmll  area  being  asi^unied  at  alxint  J  ineh  per  hour: 
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Spiare  miles,     Q  =  1300  1  ^  M  ~r  ^  —2600  +  0-2  M  (6) 

Acres,  Q  =  bi)^ '  M  +  2500  —  2500  +  0*00037  31 

2.  For  liilly  countries;  tlie  maxiiiiuni  rain  flowing  off  of  a  very 
small  area  being  assumed  at  about  1  inch  per  hour: 

Square  miles,     Q  =  1700  lO/-{-  1-68  —  2200  —  O'l  31  (7) 

Acres,  Q  =  65  l'  31+  1142  —  2200  —  O'OOOl  3f 

3.  For  very  favorable  conditions  for  a  flood,  such  as  a  sudden  and 
heavy  thaw,  steej)  sloj)es  and  ground  well  saturated,  frozen  or  paved : 
the  maximum  rain  flowing  off  of  a  very  small  area  being  assumed  at 
about  1^  inches  per  hour: 


Spiare  miles,     Q  =  2100  1 '  31  +  1  —  2100  —  0*5  31  (8) 

Acres,  (?  =  83  I    J/+G40  —  2100  —  0*00078  31 

These  equatiolis  may  yet  be  simplified  by  considering  that  for  large 
areas  we  may  neglect  b  and  for  small  arciis  c,  bccjuisc  they  are  then 
comj)arativcly  insignificant.  Not  being  distinct  classes,  but  simply 
three  convenient  i)ositions  in  a  continuous  range  of  increasing  ccK^fli- 
ciciits,  we  can  modify  the  results  by  interpolation  to  suit  intermediate 
amounts  of  rain  flowing  off  or  vai'iations  of  any  of  the  other  condi- 
tions. 

Naturally,  these  formuhe  should  be  taken  as  mere  rough  approxi- 
mations, but  they  have  the  advantage  of  being  at  le:ist  as  correct  as 
any  others,  besides  covering  the  range  of  all  arciis  from  the  Mississippi 
bitsin  to  one  acre.  Th(?y  agree  well  with  all  publishcnl  flood  records,' 
except  those  of  the  Loire,  which  appears  to  have  had  quite  a  ])he- 
nomenal  flood,  and  the  Eitst  India  rivers  during  the  wet  season,  when 
they  discharge  rains  of  extniordinary  magnitude. 

Such  case^  as  these,  however,  would  have  their  flood  discharges 
fairly  represented  by  equation  (3),  in  which  values  for  the  heavy  rain- 
falls |>eculiar  to  the  East  Indies  can  be  substituted,  its  coefficient  r,  the 
other  coefficients, /and  c,  remaining  about  the  same  as  elsewhere. 

IJefore  closing  this  somewhat  lengthy  discussion,  let  it  be  urged  that 
engineers  who  liave  the  opportunity  should  endeavor  to  collect  data, 
not  merely  for  the  simple  flood  discharges  of  a  stream,  but  also  for 
the  values  of  the  factoids  which  are  so  essential  in  m(Klifying  them,  for 

^  Nearly  jiU  of  tlie  records  given  in  the  table,  j).  l*0o,  show  values  falling  between 
those  of  formulas  ((>)  and  (7 ),  :i8  should  be  expected.  Only  the  Danube  and  the  Connec- 
ticut are  represented  by  formula  (8j. 
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^uch  kiiowleilge  will  uat  only  serve  as  a  gvi ill t?  frir  tlic  iimxiJiiitm  water- 
wuT  of  n  strain,  but  it  will  abo  in  time  rcndor  it  jKissible  to  predict, 
*hmng  n  niiustorm  or  as  it  ceases,  tlie  height  to  which  the  river  drniii- 
iiigit  wil  [^rolxibly  rbe,  which  at  sorae  season^^j  if  not  always^,  would 
k"  of  great  value  to  mivigatioii  and  comuierce. 

Mr.  Dauhach^  Nov.  15th* — \Vq  cannot  aRHume  from  the  mcagh^ 
{nuctAmad  by  Mr.  Hering  that  hi>*  torniuhc,  although  contain! ug  a*  an 

dmm\  i     iiR%  arc  api>limble  tu  all  arexs  of  whatever  niaguitude. 

From  his  owii  observation  of  a  discbai^j^t*  fmm  an  arm.  of  38tXi 

acres  during  a  rainfall  tif  1'9  inches  iu  40  jniuute??,  or  at  the  rate  of 

i*iiob*fhes  per  hoiu*,  the  value  al  d  was  '1346.     From  tlie  formula 

If) 
4=^=:  J  ck*cJuwd  from  Mr.  Mycrn*  cKi>iTienoe,  for  an  area  of  3800 

OL'T^^  f/=s-lG2*J.      Mr*  Hcriog,  however,  a^unics  from  the  cxeep- 
iiiitml  Riin^  at  the  mte  of  t'r7  inclies  |Kfr  hour,  noted  by  Mr.  Ck^eniann, 
dm  tbe  v*alue  of  d  would   iMjcome  '2G32  as  a  jw^ible  maximum, 
trbifreas  fn^u  et|uation  ((>)  (jj*  155)  the  vakie  of  d  U  *3868. 
The  exfieriencv  of  Mr.  Iksoilgcttc  i^uggested  tlje  fbrriuila 

Joa.ijrdjam.  ot  hewtn*  in  inches  =  , ii — ^         in  which 

10 
.4^  area  of  cat4*hmf.*ut  hiu^in  in  atTes; 
J  =.  length  iu  fect»  in  wiiu'h  the  SL*wer  falls  one  foot, 
Tliih  formula    givri*   resnlfii   lUmo^t   identicfd    with    Roe's   tablej^, 
iTe<l  liy  Hawk^ley,  Bidder  and  KirkwcwHl  ibr  mina  of  one  inch 
litKir  in  cities, 

A«tiiaitig  that  the  grade  of  the  cuh^ert  is  2  inches  in  100  fert 
UluKift  ltivel)>  by  this  formula  a  circular  sewer  of 
2iJia«u*)f  4,       5,      6,       7,        8,         9,       10  feet 
^ill  drain  258,  543^  09ti,  1G05,  2599,  3849,  5547  acn^, 
wiiidi  cliuiciisions  agree  closely  w^ith  the  cjtmfKirisons  of  Roe  and 
%er§(l*,  197,1, 

Itr.  Tho&,  M.  Clkemakn,  Nov.  15th* — In  the  storm  of  August  6th, 
1**^^,  b  Xcw  York  J  2^^  inches  fell  in  twcnty-tivc  niimitcs.  If  20 
I*^»**m,  r*4iaked  in  ur  wiu?  eva|ioraU*il,  it  would  leave  2  inches  remain- 
*>¥^ithc  ground  or  flowing  off'  in  the  time  of  the  ralnfalh  If  a 
lUArtifrof  an  inch  an  hour  \b  sidheient  to  take  as  tlie  amount  flowing 
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•  »!f.  onfr-eigJith  of  an  inch  k  -urii<*i*>nt  i*.»  tak»:  a^  ri^w-ini:  ••!!'  in  twenty- 
riv*r  rniriuifs  :  therttore.  at  the  *.nil  '•t'tiie  ^t'.triii.  1;  iiK-ho^  ^LmuH  have 
rerriain«ifl  standing  nv^r  the  wh^l^-  surt'aft  ••ii  whirli  llii-  rain  fell.  If 
thi.-  extraonlinan-  ^pytarl*-  hail  ■uTiin^l  it  •x-rtainly  \v..»iilil  have  l>wn 
lioi^l.  If  a  h:»  amount  rtniaim-^l  nii  tlie  hill-  nf  Central  Park,  say 
even  one-half  an  inch.  whi<h  -^.ni-  a  larL^e  amount  t^*  the  writer,  the 
remaininjr  1;  im-hes  \v<»ul«l  inevitai»]y  havi-  fMiiml  it-  way  i**  the  water 
fffur^ai  and  have  rai.'?*j<l  theiu  vi-ry  mu«:*h  l.ieyond  the  amount  that 
wouM  be  \trfAw-nd  l^y  <>ne-«iuarter  •»f  an  inch  {kt  h«»ur  fl'»winir  «»ff. 

The  illustration  of  the  rr»-»y  -tanfliuir  uftir  the  axis  **t  tiie  w:iter-way 
of  the  fulvert  on  the  <)1«1  Y«irk  K'cul  -eem-  to  retjuin:-  niiife  develop- 
ment to  make  its  h-Si-^in-  *Ii-ar.  It  i-  Lrr'^wiiiir  ^n  material  whifh  ha> 
Ijeen  wa-ii^r<l  ijown  hy  jin-viini-  -torm-  ami  whji-h  •mi-i-it-  "f  -iaiul  and 
alluvium,  wh it'll  would  «-«Ttainly  Ik-  wa-li'tl  away  if  t lie  -tream  attaiuetl 
a  vehj*-iiy  of  1  f.^.t  |»<'r  -♦■«;.  Ir  stand- at  a  di-tau';»-  '*l  1"^  ft-et  fi-«»m 
tiie  fa<r- of  tli*.-  '-ulvert  and  4  f»»t  fp'iii  it>  axi-.  TIp-  nv.'  nn-asuiv- 
<ine  ftiot  teij  irn.'li—  in  diaiiii-tt-r.  It  i-  a  willow  wliji-h  :^i'..\v-  nij^idly. 
'out  it  i-  |»p»lia!»ly  mu'h  within  rii*-  mark  t"  -ay  riiat  it  w..uid  take  4«> 
yfr:ir-  for  even  a  willow  t..  attain  that  -iz*-.  Tlii-  interval  **{  tim*- 
wouM  ineiud*'  the  'jn-at  -t*»rm-  "f  l>^4.*n  lS»ji'  and  1>77.  and  the]>r»M»f 
•^.'^.-m-  #y.»mjil«te  that  the  vel'M.-itydid  not  ex(v«_-<l  in  either  -if  thos**  year- 
the  maxinnmi  of  one  f«>«»t  jx-r  -<•<•. 

Aer-^jnlinif  to  the  formula  •jUrJteil  by  Mr.  Meriuir  and  numl>eretl  <7». 
|».  loo,  even  taking  his  own  rainfall  <»f  «ine-«iuarter  of  an  inch  |)er  hour, 
it  shouhl  have  wjuale^l  '2-/\{\j  feet  [R*r  <ee.  It  i<  eontidently  left  to 
the  judgment  of  engineer-  whether  the  sai«l  fornnila  is  a  trust wi^rthy 

•  ine  to  Ix*  iLS^.-cl  in  designing  culverts. 

The  writer  admits  the  great  vehK'ity  of  o;.>  ft-et  jK-r  s<^t.'.  at  \\'ing»i- 
hrK'king  Creek  eulvert  if  the  rain  e<.mtinue<l  to  fall  over  the  whole 
ilrainage  an.-a  at  the  rate  of  one  inch  jK-r  hour  until  the  [xirticles  at  the 
extreme  limit  had  time  to  n-Jieh  the  eulvert.  He  s;ud  in  his  previoii- 
dis^rus.-ion  that  the  formula  ^uoti-d  by  Mr.  Hering  was  inirnx't  for  thi- 
<its^'  in  the  folh»wing  words:  "A  formula  whieh  is  t>nly  true  when  tlir 
rain  eontinues  U)  fall  over  the  whole  aiva  with  equal  violencMj  until  the 
flow  through  the  culvert  be<*omes  uniform,  a  case  never  (Krurring 
i'xr-f.-pt  on  a  minute  s<-ale."  Mr.  Ilering's  rohirfio  ud  dbifurfhiin  is  due 
to  the  fact  that  he  uses  his  (►wn  formula  for  the  disi-harge  (the  depth 
flowing  off  multiplie<l  by  the  wholi'  area).  The  results  aiv  what  were 
to  l>e  exiK^eted  from  the  formula.     The  amount  flowing  oft'  and  the 
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wlodtyatthe  oiilvort  are  catli  of  tliciii  vtiriable  and  unc?ertoitij  and 
tlr  intftMluctton  (if  twa  urikno^ni  qiiaiitlties  does  not  advatioe  us  iti 
mr  ^areh  for  the  }>rt»per  wiater-\%iiy. 


3CIX. 


PROGRESS  OF  THE  GEODETIC  SURVEY  OF  PENNA. 

By  Prof,  Lp  H,  Hal  rr,  C.E.,  Member  of  the  Club. 

JZead  2Cov€mher  Ui^  IS7U. 

Tlie  coiiiiHi tat  ions  of  thii^  s^is<3n's  work  on  the  geodesy  of  Pennsvl- 

Kmim  ln'ing  wiripletetl*  I  thought  it  might  prove  interesting  and  vahi- 

9itk\*>  tiie  Chib  to  prcs^i'nt  a  i^vnojj.sii^  of  ojiemtionSj  mid  to  pliKn:*  the 

n^lu  on  rwonl  in  nur  areliiveSj  in  iierinaneiit  funii,  as  a  matter  ni' 

IV  im.^i>tiori  of  the  survey  was  the  rc.^uU  of  u  cnnverj^ation  In-ld 
Hi  Uli  k-twt*eu  the  ili.nu  <J,  P.  Patterson^  Supt,  U.  S.  C,  &  G.  ^iw- 
m,  umlcr  whose  direction  the  work  is  conducted,  and  Pr*if.  »I»  Peter 
l/sk%  Director  Second  Geologital  Survey  of  Penn?iylvania,  It  was 
^«rj?iiiized  un<ler  an  act  of  CoUii^s^  uf  March  :^,  1871,  making  an 
apiimpriation  "  For  extending  the  triaugulation  nf  the  Coast  Survey 
*oas  to  fi^rm  a  geotletic  connection  l>etween  the  AtUmtie  and  Pacific 
of  the  Unitc^^l  SfatJt^,  iochidiiig  eoinpcnsation  of  tlie  i?ivilians 
iJ  in  the  work ;  piT>vi<led  tliat  the  ti'iangulation  i^liall  determine 
p^its  in  mch  State  uf  llie  Union  which  ehall  make  requbite  provi- 
fnr  it,«  own  tnpognipliical  or  geologiail  ii^urveys.*' 
Having  Iiad  the  honor  to  lie  selH.*l-(xl  to  conduct  the  work  in  this 
'^tS  I  U^gan  ojjerations,  at  Prof,  IjCsIcv'b  request,  by  a  reeoiniaisj- 
ill  L'high  and  Xorthaniptcni  t^iuntien,  on  July  1,  1875,  with  the 
lion  of  coiHietting  witli  a  known  line  on  the  C  S,  Coa;st 
Surv^^  jij*gtem  through  New  Jen^ey,  by  uniting  %vith  the  recent  work 
in  that  State  u  lifter  Prof.  Bowso*. 

As  he  \nm  recpiired  to  opcmte  in  a  looilily  n  on -adjacent  to  our  ^yt?- 
tw«»and  m^  there  wan  no  ground  suitable  for  a  hmm  line  in  tlie  vicinity 
'»f  woi*  work,  we  found  it  nea:^s.sary  to  select  another  portion  of  the 
f«»t  tihain  frcim  wliieh  to  sUirt  the  triangulation*  For  tliiB  jnirpo^e 
^  U(*crifit!iPfi  of  the  four  point.*.  Meeting  H<>u.se  Mill,  in  I>C'hnvare^ 
'"»*'  IVincipio^  Fiulay  and  OslK>urn^8  Kuin,  in  Maryland,  was  obtaiiuHl 
mm  die  accords  in  the  U*  S.  Coi^t  Survey  otfioe^  and  Me^m*  B,  F, 
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Warren  and  J.  AV.  A^an  Osten,  Jr.,  sent  to  examine  them,  with  a  view 
to  an  extension  northwardly. 

Just  here  let  me  will  attention  to  the  manner  of  conducting  the 
reconnaissance,  as  I  l>elieve  it  due  to  tliis  ph)n  of  o{>erations  that  we 
succeeded  in  making  this  connection  where  previous  efforts  had  failed. 

EquipiKxl  with  a  small  "Oisella"  prismatic  compass  and  field  glasB, 
a  party  of  t^vo  proceed  to  the  neighborhood  to  be  examined,  which 
may  be  indicated  ai)proximately  by  the  water-shed  lines  of  any  avail- 
able maps. 

Arriving  at  the  site,  the  highest  point  (P)  is  sought  for,  requiring 
considerable  judgment,  and,  in  undulatuig  country,  heavily  timbered, 
much  walking  and  climbing  of  trees. 

Having  found  a  point  (P)  suj)])oseil  to  answer,  bearings  are  taken 
from  the  tops  of  the  trees,  which  generally  cover  the  summits  occu- 
l)ied  to  any  and  all  conspicuous  ol^jects,  noting  esi>e(?ially  the  most 
distant  faint  blue  j)oints,  and  tlic  sectoi's  in  wliich  they  apj)ear.  If* 
any  sectoi's  of  the  distant  horizcm  be  o]>jcured  by  near  hills,  trees  of 
other  objects,  tangents  should  l)e  read  to  them  and  their  a])proxiniate 
distances,  obtained  by  estimation,  as  well  as  the  bearings  of  the  lines 
tfingent  to  them,  should  1x3  recorded  by  the  aid. 

An  outline  sketch  of  the  horizon  should  also  be  made  when  [xvssible, 
and  will  be  found  of  great  Jissistance  in  selecting  the  projier  }K>int$ 
and  determining  the  intervisibility  of  the  several  apicc^-s  of  the  system. 
This  may  be  dniwn  uj)on  paj)er  ruled  so  that  the  horizontal  distances 
between  any  two  of  a  scries  of  ])arallel  vertical  liiu^s  may  rej)resent 
any  convenient  number  of  degrees  of  the  horizon  as,  5°  or  10°  to  1  inch. 

The  bearings  obtained  should  next  l)e  platted  on  tnicing  }>ai)er, 
when,  if  the  ])0.>1tion  of  any  three  of  the  objects  sighted  to  is  laid 
down  on  the  map,  the  point  (x-cupied  may  be  rapidly  determined  by 
the  three-point  problem,  and  the  bearings  to  the  remote  distant  points 
which  may  be  suitable;  for  new  stations  can  be  d(»terniined.  If  the 
distance  to  any  one,  say  (/?),  be  aj)proxiinately  known,  and  it  be  found 
that  a  number  of  streams  head  at  or  nwir  that  i)oint  of  the  map,  and 
diverge  therefrom,  it  is  j)rol)al)le  that  the  ])oint  thus  determined  is 
high  and  will  answer,  ii'  visible  from  other  adjac^ent  stations.  Should 
the  same  point  {H)  lie  in  a  distant  open  sector  from  either  of  the  sta- 
tions adjacent  to  (P)  as  (^/)  or  (0),  it  is  still  more  probable  that  it 
will   answer,  and  if  on  visiting  the   point  (7v*)  it  be  found  that  the 
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rrv(tsp  l«'uriiigs   to  (P)  ami  (Q)  lie  in   njjen   ^i-^^torH,  It   is   reii^oiiably 
(tTiniti  tlnit  tlie  i*ignuU  at  t\w^  points  will  be  mutually  vi^^iblt. 

To  n»lani  to  tlie  applinition  of  the  stbtrve  principk^s:  The  exaiiil- 
oaliniiii  2it  Ojsbourti'??  Riiiiij  Finlay  aii<l  Prinefpio  rt'vealt'd  the  fjict  tlrat 
(kn  wiw  no  distant  ojk/h  sctrtors  to  the  northwanl  whirli  would  iiiler- 
*<'t,  fml  at  Principio  aiid  Jleeting  House  Hill  there  was  a  p<>s*iihle 
rbmi*  ulnng  tlit^  vvuter-ahcKl  running  ntirtliwanl  thniiigh  riie>kT 
•swuy  fn>m  Penn  Stnticni^on  tlie  P.  il'  B.  C,  liailroail,  tu  ParkeHbnrg, 
m  tijc  IVinia.  ItailrtKich 

Afler  All  exhaiistive  sc^arch  for  five  tlays  in  a  ein^e  of  about  tht-ce 
mh  mTm%  and  tlit*  cliTnl>ing  of  niunerous  tail  tnx¥?  on  the  line 
tnnnh  Met'ting  Ilon^^i'  Hill,  u  jioint  wiis  at  length  found  near 
I^nulimlcm*  fnmi  which  it  was  thought  the  hill  at  Priinnpio,  19  tniW 
JL^mt,  might  h:  visible,  m  well  jls  a  point  to  the  wejstwani,  wliieh 
'^Kili!  aIm*  Ix-  8ei:n  from  Prineipio.  A^  the  t*onneetion  wiis  tljerefure 
fpasiniiiltly  certnin,  the  reotitinais^sance  was  coiitinuetl  wastwardly  aloog 
♦lie  simtlM'ni  pari  of  the  State  to  Huntiiig^lHU  nnd  Ik-ilfoitl  eountie**, 
whea  tlu-  a[>pr(ipriutif>ii  bc'iiig  exhau^ted/Jant^  ^iO^  and  there  havln|r 
bem  no  provision  made  by  Congress  for  eontiiuiingj  work  wa«  sui*- 
poJt^l  for  one  year. 

In  rr?«iinimg  o|ionitioiis  at  liundoiulcrry  in  *Iuiic  of  1878,  the  ti*ees 
^m  \n  full  leaf,  and  a  woiviU  uf  tall  tind>ery  about  half  a  mile  distant, 
inteni*[>tcd  the  view  hi  the  direetion  of  Ppiueipio.  It  wim  therefore 
a»ni*tarv  to  ere<*t  a  .star ion,  71  feet  high,  to  keg  on  .signal  pole^  at  rlie 
fo^t-iuiinod  pi>int,  aurl  to  try  heliotroinng  and  niglit  signals*  For 
tim  titter  purptuse,  six^eial  jjort  fires,  two  feet  long,  were  onlered* 
lti<*e,  tifil  np4iii  poles,  wert3  held  aloft  fnmi  the  tops  of  the  tallest 
^'^5* nil  the  hill  at  Principio^  but  were  mvisible  from  the  platform  of 
th^trijKiJ  at  lAindonderry;  It  was  netsessary  to  get  higher  to  know  just 
Wo*f?  lo  fi|»en  the  line  lhn>ugh  the  wtxxls  near  I^ondonderrVj  as  the 
«)wnuTHUH  opfKWCMl  to  lUiy  entting,  and  asked  heavy  damages^*  Flying 
i^iaciuufg  were  not  iivailahle — ^ballooning  was  t<x»  exjiensivej  and  tlie 
^'^^^were  too  short.;  ttio  liest  solution  of  the  problem  to  elevate  myself 
^  little  expense  wils  to  borrow  ladders  from  Charlestown,  three  miles 
<li*tatit,  split*©  them  together  and  rai.se  over  the  site*  TIuj^  was  ai^cord- 
"%ly  dome^  and  was  f|nite  sutre.s.HfuI^  tm  a  port  fire  burnetl  from  the 
*^«f  this  ladder,  00  feet  high,  at  10  P3L,  June  14,  1878,  w^is  aeen 
™R  llio  :i|iex  of  the  tri[Mid,  at  Londoiiderrj',  through  the  tops  of 
"*^  oWtnictMig   tree^,  and  gave  tlie   required  direetioUi     The  line 
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was  marked  by  a  stake,  and  muged  througli  to  the  woods  next 
morning,  thus  rendering  certain  the  much-desired  and  only  jiossible 
link  necessary  to  complete  this  connection.  To  see  over  the  hills 
towards  Rawlinsville,  a  station  was  built  at  Principio  60  feet  high,  an<l 
others  at  Meeting  House  Hill  and  Rawlinsville,  and  the  work  ol* 
reading  horizontal  angles  begun. 

The  instrument  used  was  a  10-inch  Grambev  theodolite,  graduate<l 
to  3  seconds. 

The  objects  ol)served  ujwn  were  either  signal  kegs,  ai)ices  of  tripod.s^ 
or  heliotroi>es,  the  latter  l)eing  preferable,  as  they  can  be  seen  through 
a  dense  haze  when  outlines  of  mountains  are  invisible. 

To  determine  the  magnitude  of  an  angle  with  sufficient  accuracy,  a 
large  number  of  rejKititions  are  made  on  varioas  parts  of  the  gradu- 
ated circle  or  limb,  and  with  the  telesco[)e  both  direc^t  and  reversed. 
The  effect  of  this  is  to  eliminate,  so  fai*  as  practicable,  instrumental 
and  personal  errors,  such  as  those  of  defective  graduation,  eccentricit}-, 
collin:\ation,  level,  inawurate  reading  and  pointing,  and  atmospheric 
disturbances. 

Usually,  6  set^  of  6  repetitions  each  are  made,  .'^  being  direct  and  I) 
reversed,  making  36  repetitions  in  all,  but  it  sometimes  happens  that 
15  or  more  sets  are  ne<ressary  lx>fore  reducing  the  probable  error 
to  the  desired  limit,  0*7  se(\  This  may  happen  when  the  line  of  sight 
j)asses  close  to  the  summits  of  intervening  ridges,  lu*  over  furnaces  or 
towns,  (fusing  locjil  <listurbances. 

The  sum  of  the  spherical  angles  thus  obtained  at  each  stiition  should 
not  differ  from  360°  by  more  than  3  or  4  seconds,  for  good  work. 
The  station  error,  whatever  it  may  Ixi,  must  l)c  distributed  by  the 
principle  of  least  srpiares,  and  the  resulting  angk's  of  any  one  of  the 
spherical  triangles  corre<»teil  for  si)herical  excess,  and  thus  reduced  to 
plane  triangles,  the  sides  of  which  are  then  compute<l  and  the  geodetic 
lK)sitions  of  the  apices  determined. 

During  the  seascm  of  1878  the  two  triangles,  Meeting  House  Hill, 
Principio,  Londonderry,  and  Principio,  J  Londonderry,  Kawlinsville, 
were  completed,  and  this  year  thrt^  more  were  added  to  the  list,  cov- 
ering Ijancitster  (jounty  and  part  of  Chester,  Berks  and  Lebanon. 

There  were  over  3000  pointings  made  during  this  se:ison,  and  24 
horizontal  angles  read.  The  positions  of  the  points  as  determine<l 
are  api)ended  for  referencHi : 
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ThtT^  n.rrulr-  -!i»\v  hy  ■I'r.iuir -=*•:!  that  all  the  aWive  {K)iiits,  as 
I«x-itt^l  Mil  rnajw  ii..\v  vxtaii:,  art  fr^ni  •»ik-  to  tWM  miles  out  of  their 

My  letter  Ml' July  2%:h.   1S7'.».  I'^MMi-l   in  the  "New  Era,"  of 
I^iue-a^rter  o»im:y,  irivi-i  a  p«pul:ir  i'!*.-:i  ••!' ilu-  work  and  its  accessories. 


XX. 


AX  IMPOKTAM  LEGAI.  DECISION. 

\\\  r.  K.n:i  Kr<,  Jr.,  Mtnii  trof  the  Club. 

n-'i'i  y-r.,:,f...^  i.y/,,  is:!.. 

Ourinix  the  pa>t  niMiith  a  ia>o  ha>  ln.vn  iht-iiKd  in  the  U.  S.  Cinuit 
Court,  in  this  eiiy,  in  whivli  Miit  wa--  lirMUirht  to  re< 'over  damages  upon 
a  lot  i»rsiruetural  iron  t'urni>lud  I  ly  plaint  ill*  t»>  defendant,  who  refuseil 
to  settle  the  orii::inal  at^oinit  hy  an  aniMunt  e<(ual  to  expeuR-s  ineurrcH.1 
in  renderiuj;*  s:iitl  material  suiiahle  tor  inieiuhxl  u>e.  Judge  ^leKen- 
nan*s  eharge  to  the  jury  eannot  tail  to  l>e  ot'  givat  interest  and  import- 
ance, not  i»nly  to  engineei*^  and  manntaetiirers,  but  t(»  all  [)arties  con- 
neeted  with  iransaeiion>  in  eMn>truetive  materials.  It  is  the  object  of 
this  pap<*r  not  io  eritiei/.e  the  rulinixs  ot'  the  Court,  lor  the  old  adage 
!»!'  the  (M»l>bler  and  his  la>i  i<  still  applie:il>le,  but  to  make  a  few  sug- 
gestions as  to  the  results  arising  trv»m  this  iKvision,  which  in  future 
will,  no  doubt,  be  eiteil  as  (»f  nuu-h  importance  in  legal  disputes. 

Tiu*  history  of  the  ease,  <|Uot(Hl  fi\»m  the  Iron  Ar/c  of  Octol)er  23d, 
is  bri<*lly  somewhat  as  tblh»ws: 

**lt  appears  that  in  May,  IS78,  the  EdgenuK>r  Iron  Company,  of 
Wihnington,  I)el..  made  a  verbal  iHUitract  with  the  Atkins  Bro's,  of 
Pottsville,  l*a.,  for  angles,  to  be  used  in  the  construction  of  one  of  the 
eh'vatcd  railroiuls  of  this  eity  (New  York).  The  work,  when  erectcnl, 
WUH  conch'mnnl  by  the  ins|HH-tors  as  not  up  to  recpn'rements  in  quality 
of  iron.  TIh'  K/<lgemoor  Iron  (Vunpany.were  forced  to  strengthen  the 
pui'lH  of  the  Mtrueture  eontaim'ng  the  defective  material  at  their  own 
rxpense^nml  in  their  turn  refuse<l  in  pay  Messrs.  Atkins  Bro's  more  on 
llM*ireontniet  than  n  sum  representing  t  lied  iiferencv  between  the  original 
j'ontniet-  prii'e  iind  the  ensl  of  the  repairs  made.  Messrs.  Atkins  Bro's 
nued  for  the  amount  of  their  bill.*' 
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Judge  MoKeiihair.s  charge,  which  is  ii  lengthy  one,  I  will  not  (juote 
infill),  but  merely  give  ^^onle  of  tlie  more  important  points: 

**But  there*  is  another  gronnd,  as  I  understand,  upon  which  the 
defeiMJants  rt»st  their  riglit  to  damages  for  allcgcHl  non-c^omplianee- 
with  the  contnw't  hy  the  plain  tills.  They  claim  that  even  if  there  was 
IH)  HK'h  <!x press  agreement  its  I  liave  referre<l  to,  still  under  all  the 
dn-umstanci»s  there  was  an  implitKl  obligation  on  the  ])art  of  the  plain- 
tii6  to  furnish  such  iron  as  was  suitable  to  lx»  useil  in  these  structures, 
rmhrnhtedly  the  c*ounsel  for  the  plaint itfs  have  state<l  the  rule  of  law 
tvn:ectly  as  a  general  rule ;  that  is  to  say,  that  where  the  subject  of  a 
contract  of  l^argain  and  sale  is  an  existing  article,  and  it  is  there,  the 
rule  of  (vve/tt  emptoi*  applies.  There  is  no  implied  warrant  of  quality 
iuijuch  case.  But  where  the  subject  matter  of  the  contract  is  a  thing 
not  in  existence — where  it  is  an  article  to  be  manufactured  by  the 
seller— and  he  is  informed  at  the  time  of  the  contract  that  it  is 
intended  for  iLse  in  a  special  way — that  it  is  intended  for  a  special  ]»ur- 
po»e— then  the  law  does  imply  a  warmnty  by  the  seller  that  the  thing 
.«)  furnished  shall  l>e  reasonably  fit  for  such  jmrposes,  or  in  other 
words,  where*  a  sjx»cial  purpose  is  explained  and  stated,  that  it  shall  be 
fitted  for  such  sjwcial  purpose.  That  has  reference  not  only  to  the 
fiMrm,  but  to  the  <jiudity  of  the  thing  to  be  furnished.  It  is  alleged 
here  that  the  circumstances  under  which  this  <*ontract  was  made  were 
Mich  that  an  obligation  of  that  kind  was  assumed  by  the  plaintitls. 
Yoii  will  jM«rhaps  agree  with  the  defendants'  counsel  as  to  that  aspect 
of  the  rase.  There  is  no  doubt  about  the  fact  that  this  iron  was  to  be 
tbiftl  in  a  structure  of  a  particular  chara(^ter  ;  that  it  was  a  ]>articular 
kiiKlof  iron,  and  that  certain  (jualities  were  essential  to  the  value  of 
itinsuf'h  ns<*.  It  will  hardly  be  said  that  a  man  who  was  making  a 
"Hiipact  for  angle  iron  (jf  certain  dimensions,  and  was  told  that  it  wits 
t^'beuiJ^Hl  in  a  particular  construction,  such  as  this,  for  instance — over 
which  it  was  to  l)ear  heavy  weights ;  over  which  locomotives  and  [)as- 
J^nger  trains  were  to  be  carried — it  would  hardly  be  fair  to  assume 
that  the  parties  intended  that  inm  which  would  be  suitable  for  use 
in  a  bridge  over  which  people  were  to  walk  merely,  was  intended. 
Therefore,  it  is  that  the  rule  which  I  have  stated  is  founde<l  nj)on 
Hjund  common  sense ;  that  where  i)arties  come  together  and  make  a 
•■^^ntract  in  reference  to  a  j)articular  thing,  and  they  both  understand 
^hatitis  intende<l  for  a  particular  use,  that  something  which  is  not  at 
all  adapted  to  that  use  is  not  to  be  supposed  to  have  been  the  subject 
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ot'  tlu'  iMiitRut  iK^twceii  the  parties.  Therefore,  I  instruct  you  tliat  if 
vou  Ivliovt*  friMU  the  evidence  tliat  at  the  time  this  contract  ^ysH  made 
Mr.  Ifciilcv  wsiji  iufonuetl  that  the  iron  \vhi<'h  he  furnished  wjts  intended 
for  MM*  in  iht^'  clcvntinl  railnwuls  of  New  York,  and  al)out  tliat  there 
Kixw  Iv  nt>  doulu,  iKH-ausi*  Mr.  Bailcv  sjiys  that  such  was  the  c«se,  that 
ho  \\a>  *-«•  infornicil,  then  I  siiy  that  the  law  implies  a  warrant  on  the 
unn  of  tht'x-  plaintitls  that  the  mm  funiishe<l  hy  them  under  their 
*H»ninw't  **houId  Ik*  adaptwl  in  <puility  and  otherwise  to  such  intended 
UM\  an*l  that  if  at  any  tinicafterwanl  it  is  as<vrtai noil  and  is  sjitisfacttw 
rilv  ^hown  to  yon  that  the  iron  wns  not  of  such  quality  as  was  fairly 
adaptaMc  to  the  ust»  for  which  it  was  intende<K  the  warrant  wa^  broken, 
and  the  defendants  an*  entitliKl  to  such  daman's  as  they  have  shown 
to  have  Mistaininl  by  ivason  of  such  breach. 

i'ouns«»I  fi»r  phiintitfs  present  the  two  following  jniints: 

I .  '• !  n  a  i*ontra<*t  for  the  pun'ha*<<»  of  an  unnianufactunHl  article,  which 
both  iwirties  know  is  to  Ix*  uso<l  for  a  sjKvial  purjH)se,  there  is  no 
nupli***!  warranty  by  the  seller  that  the  article  furnished  is  to  l>e  of  a 
onalilv  tit  for  the  objtvt  for  which  the  article  is  known  to  be  ordered, 
unle****  it  ap|H'ar  the  buyer  reliinl,  as  reganleil  the  quality,  ujxai  the 
jnd^inient  of  the  seller  and  not  u|)on  his  own  judgment.  Such  knowl- 
inlkr^'  d«HS  not  alter  the  terms  oi'  the  contra<'t,  nor  does  it  form  a  part 
thereot'  unless  made  so  by  expn'ss  agnn'ment.  The  maxim  of  caveat 
nnfttnr  then  applies. 

"  j  answer  that  as  follows : 

"  in  a  bai'giiin  and  side  of  an  unmanufactured  article,  which  the 
seller  is  inibrme<l  at  th<'  time  of  the  (Huitract  is  intendeil  for  a  siHJcial 
purpoH',  there  is  an  implied  warninty  that  the  article  to  Ik*  furnished 
ih  fit  for  the  spcvial  purpose  intcndiKl  by  the  buyer.  In  such  wise  the 
buver  niHTSsarily  trusts  to  the  judgment  or  skill  of  the  manufacturer. 

'J.  '*  Whatever  may  have  l>ei»n  the  terms  of  the  original  contract,  if  tlie 
|'lilgem«M)r  Iron  Works  atveptinl  the  iron  sui)plied  by  Mr.  Atkins  with 
knowledge  of  its  actual  quality,  and  with  knowleilge  that  he  did  not 
<*ome  up  to  the  sjKH'ificjitions  of  the  elevatwl  companies,  all  loss  arising 
from  the  subse(pient  employment  of  the  inm  in  the  milroa<ls  must  fall 
U|H>n  the  KdgiMucKir  Company  and  not  u|K)n  Mr.  Atkins,  for  thecsuise 
of  the  loss  in  such  csisi?  arose  fnnn  the  conduct  of  the  defendants  and 
i\ot  in  that  of  the  plaintiffs. 

**  I  answer  that  as  follows : 

**  This  instruction  is  refused.     If  there  was  a  v^-arranty  of  quality, 
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def^jiilaiit^  *lo  not  lij^e  their  right  U>  daiiiiigei^  for  ii  !m^el»  of  it  by 

ling  imd  ujiiijg  tlie  ik'fe4>tive  iirti(*le,  iiiiltss  the  atreptiUK^  h  made 

mcL  c'iivumstanoes  as  bUow  titat  tlie  quality  of  tlie  article  was 

:orv  laid  wa^  appi^oveiL     Tlie  deteiuhitits  would  bf    holtl    in 

iliaiidoiR'd  their  right  tu  return  the  gtMKl»j,  l>ut  the  failure  to 

QTO  them  after  dis<xivery  of  their  defective  i|uaHty  will  not  of  itself 
the  defejidaiitt^*  ekirn  for  daniage.*  IVir  im  alleged  hreach  of 
iiy." 

Toret|UiJte:  **'J~he  iiiw  iiiijdie.^  a  warnint  nu  the  p:irt  of  these  plain- 
iffe,  tiat  the  iron  funiishi^^d  by  them  under  their  eoutniet  ^huuld  be 

ptwl,  in  tjuality  and  othcrwisf*^  to  snvh  intende<l  u*^e;'^  and  agam, 
'I  il<*  iKit  uiuli^rstanil  that  there  it^  a  ^serion**  €fyniv^t  he  it  aj^  to  the 
jyaliiy  n(  this  iron.     It  wsib  m€iTfu(nkMe  iron.'^ 

Ht^re  wr  have  it  distinrtly  H^t  forth,  tliat  there  Iwnug  no  written  or 

jiTiN^itirn^euit^nt  Ifetwei^n  the  partiei^  n.^  to  the  quality  of  the  material, 
it  HUM  Ije  furni.sh(>d  suitable  for  its  intended  use.  But  who  the  judge 
f  ibriiyiefes?  W'ljat  the  cTiterfou  iif  it8  qttality '.*  It  jnay  he  answered, 
iw  testimony  of  exj>ertir^  mns^t  be  employed.  But  where  the  two 
lspm»f  who  agree  exa**tly  a^?  to  the  netx^«ary  t[ualifieatio!i8  for  stme- 
httal  tftiiterial  ;  one  platt^  num^  imiJortaiK/e  upon  elastie  limit  than 
iltimaii*  tensile  strenirth ;  another  lool^s  more  to  duetilit}'  and  reduced 
tianf  lirokeu  fieetion.  Yet  it  may  be  said,  although  theyiliffer  jis  to 
**liatthi*  motit  *^uitabk%  yet  they  would  all  Join  in  pronouncing  what 
Wit*  unfit  fur  thc*»c  purjKif-cji.  Possibly,  in  thi^  inhtanre,  t lien?  would 
U*  ntMliiB<;ulty  in  so  doiug,  but  wh*.'re  hIjuII  we  dmw  the  limit,  where 
toke  tJie  IxJUJidary  between  good  and  bad  ?  For  instanee^  a  milroad 
<^»iafiariy  iasues  »peeificationf«  to  a  bridge-buililer^  recpiiriug  the  iron  for 
t<^ioii  members  to  t^tand  a  tensile  strain  of  50,000  lbs,  |»er  t?<juare 
i^'h^  with  an  elastic  limit  of  25,000  IUb.  per  square  ineh,  and  an 
t'WHijjntioij  of  20  per  cent*  The  bridge-builder  sends  out  hi^  spec^ifiat- 
ti*mt  aad  asks  the  muaufaeturer  for  a  bid  nj>ou  an  iron  f*ui  table  for 
Wilgt*  tension  members.  Tlie  iron  is  furnished,  tests  are  made  and 
T^iw  are:  Tenaile  strength,  49^000  Ih^.;  elastic  limit^  27,000  lbs.; 
^If^ugaiioUj  20  jier  cent. 

Tb  milroail  engineer  refuses  to  aoeept  the  iron,  m*^  not  ti>n forming 
*<*  their  speeirteatioiift,  (You  may  thiuk  .^ueh  a  eireumntatir^  saircely 
pij^ibl^i^  but  I  know  it  to  Ik*  a  faet,)  The  bridge  builder  in  turn 
^i^im^  to  actTpt  the  material  from  the  manufaetumr  a.s  not  suitable 
'^'itfc  intended  use:  he  in  turn  d^lares  that  in  his  belief  a  better  iron 
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for  it8  purjHisc  cannot  bo  made,  and  the  otuitestants  cmrry  their  «use  t*)* 
the  courts.  The  exj)erts  are  summoned,  but  the  doctoi's  disji^rei^;  the 
twelve  wise  men,  who  by  the  end  of  the  trial  are  supposed  to  have- 
imbibeil  sutiioient  knowknl^i  to  build  a  bridge  or  start  a  rolling-mill, 
are  left  to  wn»stle  with  the  mountain  of  evidence,  which  labors  greatly- 

and  a  mouse  comes  forth.     Tlu?  (use  as  J  have  pr(\sente<l  it  may  1k»' 

an  extreme  one,  yet  this  same  vcxik!  question  of  <|ua]ity  pi^cMMits  it^lf 
to  the  manufa<'tuwT  almost  daily  in  some  one  of  its  very  many  pluwcw^ 
The  methcxl  of  treatment  for  this  evil  1  think  is  self-evident.     The 
nMrnnlv  is  in  the  IkuhIs  of  the  (iovernment  of  the  Uniteil  Static,  and 
its  us(^  is  not  for  the  intei-est  of  any  one  cliuss  of  tln^  people,  but  is  a 
right  which  should  be  demand(?d   by  every  citizen  of  this  country  for 
his  own  protection  from  thos<i  horrible  cidamities  whose  suddenness  so' 
HJuH^k  all  hwmjrs.     We  have  our  standard  weights  and  sizes,  and  by 
them   what  incalculable  (confusion   is  avoide<l  I     Why  not  have  our 
standanl  tx^st^  iw  well?    True,  we  have  not  suHicient  data  for  thLs^ 
neither  shall  we  ev<»r  have  if  the  means  for  collecting  them  be  left  in 
the  hands  of  single   intlividuals  and   financial  corporations.     Their 
importances  is  national  ;    th(»ir  cost  necessarily  large,  ioi\  large  for  pri- 
vate Hubscri|»lions.     1'he  governnient  ah)nc  ran  In^ar  so  great  a  burden^ 
hut  a  burden   made  light  by  the  vast  importam^*  of  the  consequent 
nsults.      I  feci  a  hcsitan<T  in  saying  anything  upon  this  subjtrt,  which 
has  Imh'U  already  well  nigh  drowned  out  with  the  eloepience  j)oure<I 
tiiMin  it  bv  others.     The  t<'sting  machine  now  at  the  Watertown  Arse- 
nal is  a  gl<»i'i<»"''^  resting  places  for  the  hopes  of  those  who  lalK)re<l  so 
1111111  iind   /ealoUftly  in  so  goinl  a  cause.     .Vs  a  proof  of  the  benefit  of 
irnvcrnmcnt  action  this  very  law  suit  may  Ix'  citeil.     Had  there  b(H;n  a 
,|,H<n<iH|  Htandard,  no  dispute*  would  have  arisen  jis  to  the  quality  of  the- 
iiim  in  question,  nor  should  we*  have  the  misfortune  of  a  Unit  eel  States 
iudin'  pronouncing  a  decision  as  to  fitness,  the  stanelarel  e>f  whie*h  is  not 
iiJi^Juti-,   IhH   Hliifling  and   irre*gular.     From  this  case*,  also,  we  may 
draw  Hohie  u-^'ful   le*^soiis  in  reganl  to  contnu't,  le»ssons  whie*h  we  learn 
linen  to  our  ^'iciit  cint  wlu'U  the  proper  time  has  passed  away.     S{)eci- 
llealioii"  ii*«  to  quality  for  all  materials  shendd  Ihj  made  in  writing  and* 
lij/iillv  adhered  to.      lict  the*  e*]igineer  state  them  plainly  to  the  builder 
mid  require  him  to  insert  them  in  his  s|H*cifications  to  the  manufacturer. 
Hut  above  mII,  let.  the  spr^'iiications  Ix*  reaseaiable;  in  fnuning  tlu'Ui  pri~ 
iiiaidv  ciiuibine  ihe  e«x|)e'rie*nce  of  the  manufae*turer   with    the    needs.^ 
Ill'  (he  u»KT,  and  a  nnie-h   Iw^tter  result  will  lx»  obtaine*el  than  wx*  often^ 
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Nt.  l^|w^*ifii^4tjni>.s  shrmld  not  lie  nuult*  of  such  u  nutur*^  tbut  the 
jjirol«thtiiti*'s4  ;ire  nUmt  equal  whet  her  they  can  be  complied  with  or 
let  By  mt  cloing  the  tmgmeer  deceives  him^If  and  giiinm  no  l>ett4*r 
MteriiLl  ffn-  hi^J  w«trk-  Allow  a  rrasoniible  niargin  (or  the  uiieertaiu- 
i*s  \\'!iHi  attend  all  metlifjiL^  of  jnaiiufaelure* 

Myobjec^t  iB^  hi  this  briei*  |mper,  to  urge  upon  all  |)rcs*ent  the  gr^at 
lieffls^iiy  of  each  one  tloing  all  in  hm  po%ver  td  obtain  a  ctmtinuation  of 
iiioii*«v[j«Tiinents  .'flartetl  by  the  government  under  sueh  favorable  cir* 
-muisfiiint^  rmd  m  UTifortuimtcIy  brought  to  a  sudden  term  inut ion  when 
jm  ilwmt  to  l^ear  f?uch  inijmrtant  fruit. 


DISCUSSION  ON  PAPER  XV. 
On  Tin:  CoxxEtrrrsf;  Koi>.' 
Hy  Wm.  1j»  M  akkh,  Member  of  tht^  Clul>, 

NwitnlMT  loth,  1879.— In  Xo*  3,  Vol.  I  of  the  Proceedings,  there 
^pptsirfd  a  vety  courteous  cinticiui^  of  the  article  on  connecting  Tf>d>s  in 

TIi^  Ri^lative  Pro]Kjptioiis  uf  t|jc  Skmin  ICn^ane,"  ^ 

1  nm  fully  iiwai*c  of  tlic  tkrt  tliat  no  di^tVofe,  however  eaniestj  *m 
•uy  juirt  svill  fon'e  otln*n^  to  aecej>t  my  view!§  as  prtssented  in  my 
f^miily  ]itiblLHh*Hl  work,  and  thi^rcforc  I  mik  Uiii  a  littlo  space  to  i-efer 
OKM'  mtem-^tttl  to  a  cunt  in  nation  lA'  niy  lalKir^^.  Tlie  book  must  Ktund 
^TfftJI  im  it8  own  merit!*. 

hi  tlio  JorKNAi.  OF  THE  ViiASKJAS  Instititte  ft^r  January,  1879^ 
i^ia^Note  on  the  Ta[M*f  <*f  CnmitK^in^  Rods/'  I  quoted  the  opinions 
^  (\  H.  Manniugf  PtiSt  Ar?6istant  Engineer  U.  8,  Kavy,  and  of  Prof. 
ToiNun,  giving^  in  ailditiorj  a  eai-eful  di-sitnLsgion  of  the  streaaes  on 
o)iin,x'tiiig  rtnh  due  to  tlieir  own  weight  and  inertia. 

Iitliat  iu*ticle  I  tlid  not  lay  as  muL-h  cnipha>iby  as  1  have  since  had 
^^^•wn  to  lielieve  1  should*  upon  the  accidental  sstre^i^  due  to  heating  of 
%tniiik  |>in  and  the  consequent  gripping  of  the  boxfjs?  upon  tlie  pin. 

The  fttres?i  due  to  tilt*  friction  of  the  boxe^  upon  the  pin,  although 
*^ii  to  l»e  veiy^  small  from  tlie  receni  experiments  of  Prof,  Thurs- 
^t'^lioukl  al^^i  l»e  cousidcRHl  in  a  refined  di^eus^^^ioUj  but  tsould  hardly 
**  Jwlmitfijd  Uf  the  brii'f  work  of  leetiir&s  to  studcnife. 

*^  Vol  I,  |wi^e  168*     June,  1?(79. 
Tbi*  t'rtjjiortinDt  fif  (hi*  Stoiim  Engiut*.     By  Wni.  t>.  Marb'*     PliiliwIelpHia^  1879. 
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"  The  initial  compression  is  slightly  increased  at  mid-strol 
ally  about  5  per  cent.)",  (page  159,  Proceedings),  is  an  erroi 
connecting  rods  ci^ual  in  length  to  four  cranks,  it  would  be  aboi 
cent,  and  very  much  less  for  all  greater  lengths  of  connecting  i 

Mr.  Christie  cites  an  engine  '^severely  taxed y"  19-inch  c; 
3-inch  piston  rod,  70  lbs.  pev  square  inch  pressure,  which  won 
the  stress  alx)ut  28,000  lbs.  per  square  inch  on  the  piston  rod, 
lbs.  less  than  the  aasuraption  of  31,000  lbs.  ultimate  strength, 
factor  of  safety  of  10.  ilr.  Kirkaldy's  researches  and  the  p 
experience  of  all  engineers  demonstrate  the  greater  liability  i 
and  comparative  weakness  of  large  masses  of  forged  in>n. 

I  do  not  think  that  any  good  examples  will  ^low  a  stress  per 
inch  on  the  piston  or  c^onnecting  rods  much  exceeding  31^000  Ih 
I  been  warranted  by  pra^edent  in  assuming  a  greater  ultimate 
ing  strength  than  31,000  U)s.  per  square  inch,  I  should  have  c 
as  the  point  wjis  one  to  which  I  gave  considerable  thought. 

Certainly  there  is  no  part  of  an  engine  subjected  to  such  a  < 
cation  of  stresses  as  the  connecting  rod,  and  when  in  conuecti< 
this  we  recall  the  uncertainty  in  value  of  the  constants  used, 
as  the  uncertainty  of  tlie  correctness  of  tlie  laws  deduced  for  Ic 
umns,  one  must  hesitate  l>efore  overstepping  the  bounds  of  wel 
lished  precedents. 


.ltr79.NQ.4,3 
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NOTES  AND  COMMUN [CATIONS. 


No*  5  TURBINE  AT  FAIRMOUNT. 

irLAR  Meei^ino,  May  ITtu*— Mi%  CJui>»  iu  Durcticli  npokt*  n(  Mh* 
vt^mcnts  v^4ik*h  huvc  bofii  Tiimlc  ou  wlitit  is  kjuiwn  as  N*Ji  ^"v  Turbira* 
Li  mm  mil,  huilt  in  1871  by  Mr.  B.  t^eyelhu  Tht^  jgritriuif  him  bet^n 
._JHvcll*s4M>nTie(/te*l  from  tlie  walls  of  the  hou**e,  aUuwrng^  15  revolutitJii** 
itwteiici  of  i  1  a?i  bt^rt'tofoix*. 

Mr  (;t'veUii  ban  now  ooiigti-ufttMl  iww  nitiiiei's  and  Kiibli^  whet^a  with 
♦  ytilmiklV'arvea,  and  prHJVided  wilb  a  partition  i!ividing  the  bnrkft-^  verti- 
mllyiritoan  *nit.side  \vbt'i4  iiuvni*;  14fH>  f^qniiru  liicht^  of  outlet,  lujtl  an 
Mde  wht*el  bavinjiij  TOtI  H<|imre  iinO^eH  iH*  Tuitlel.  Tliem^  whtH*lf4  repUuHnl 
tliOMt^nmde  in  ISTJ,  liavlng  a  total  tneasnrernent  ufdiHeiuirite  at 'Jt4i)i\  square 
ludw*.  TJiU  itis-kle  area  in  i-ut  nir  l\v  an  utitomatlc  Inside  gate,  at  low  tide. 
aiidiit?onsM'*jiient  waving  of  water  a**  tin*  reanll,  tm  ItJ  hours  out  of  the  34 
llu* Uiiiidti  divij*hm  iif  7<X^»<iuare  hK'b4>>  reinEiiita  entirely  closed. 

The  whi4*t  was  designi'd  tt>  nutnp  eij;ht  niillion  gailuns,  but  until  these 
mlil^  -  it  ba.s  puniijefUHit  five  and  a  third  ndlboji  j^nlloiis  i>4?r  day 

wi.  inaxhnuni,     Ni>  dllHfulty  whulever  \n  experi€^nt*c»d  in  punii>- 

b^  .tui  .t.d  one-hidf  mithon  gallon'?*  jier  day,  ami  Mr.  (Te^elln  expet'ts 
to  b**  Ml*  to  make  the  other  wlieeU  pump  ten  mil  lion  per  day  with  a 
^nmllcr  ainmnit  nf  wat€*r  tbuu  they  are  now  using  to  pump  hjx  miltion 
lalbnh. 


SCHMITTS  REVOLVING  SPIRAL  SCREEN. 

Itmrr.An  MKfrriNa.MAV  ITtii*— Mr.  J,  H.  Harden  rtnid  the  Icdbnviug: 
Tbii  ?«*reen  ba.H  been  introtlueed  in  tbt;  coal  diatricti*  of  <  lenaany  with 
ftuw?***,    1 1>«  c-  h  i  e  f  ad  van  tage>i  a  re  as  foil  o  w  s ; 

l*t  Tlie  i^^t  i.H  snialler  llnin  tliat  of  ordinary  uoreens,  ami  tiie  i*j»aee 
oowptwi  in  projjortion  to  the  work  performed  la  le$i8. 
^The  coal  in  not  w*  niitcdi  brokun^  wiiile  the  aereening  Into  the  ret|nireit 
"  ftictHt  etticiently  done. 

con^truHion  U  shnple  and  strong:  all  {larta  are  readily  aeee»ialhle 

llJi,  It  rtHjuire?*  le»ii  jmwer  to  ririve,  hh  the  material  h  more  distribute^! 
tmldiicai  not  all  lie  at  the  tiottoni  of  the  moreen, 

T*ie  writer  in  indebted  to  a  notice  by  Mr.  I).  P.  Morison  in  llie  April 
nunii^er  <if  tiie  IVannrtetif^n^  fif  the  Nnrth  of  England  Inntiiuh  o/  yfhiinfj 
wWd Mtf^httmoat  EngineerH  for  the  following  information  : 
'Tile  development  of  the  spind  Hcreen  ^liown  hi  i\\e  drawing,  ¥\f£^.  3,  4 
^i%  iHnimply  a  long  plate,  perforated  throughout  with  liolen  of  different" 
||l»»,ic*c^ri1lng  to  the  ?<i7*e!*  into  whitdi  the  coal  \)a  re^iuired  to  be  separated. 
Thin  would  be  aijout  -54  feet  long  and  4  feet  wide,  and  iiciti^'^  wound  into  a 
•pSml  and  tiie  ends  elowed  an<i  mounted  on  a  sliaft,  forms  the  screen* 

^%  4  represents  a  seetioii  through  the  axis  of  a  spiral  scnnni ;  Fig.  :*  a 
'i^  Mvtion,  and  Fig,  *5  an  end  elevation.  A  in  the  whaft  on  wiiieli  I  hi* 
Jf^pn  iM  mounted  j  RE  are  carriages  carried  ujM*n  the  fmnn^n  t'V:  D  Is  the 
^Mhp  rtheave  and  lielt  j  IC  \h  tlie  elevator  lifting  the  coals  to  liie  srbute 
^*hieh  etmveva  them  into  the  central  p<»rtlon  of  the  screen  1,  which  is 
*J>ftif  ahaped  to  iaeiiitate  the  delivery  of  ctnil  which  will  not  pans  through 
2*ftt«t  Wfriea  of  holen.    Tliat  passing  through  these  boles  into  the  tiecond 

fWon  of  the  »creen  2  Is*  tjeparEte<l,  the  pieces  too  large  to  im,ss  tliniugb 

'fieeond  seriet»  of  holesi  being  retained  npon  tlie  plate  until  that  |x>int 
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conies  round  where  a  channel,  2-4  Fig.  3,  receives  them,  down  which  th^ 
are  discharged  out  at  tlie  end  of  the  screen.  Tiie  coals  jiassing  into  the 
third  division,  3,  arc  separated,  and  the  pieces  not  passing  through  the 
third  series  of  holes  are  retaine<l  until  the  channel  SA  ctunes  round,  when 
they  are  dcliveriMl  out  at  the  end  as  befort^.  The  **  culm  "  has  during  tliia 
time  passed  through  the  holes  in  division  3,  that  remaining  jiassingout  at 
the  end. 

The  imjx^rforatcd  or  blank  part  of  the  plate  is  to  prevent  the  coal  froiu 
l>eing  returneil  after  passing  through  the  holes,  as  the  delivery  through 
the  end  channels  2A  and  3^-1  takes  place  jmrtially  at  or  alK>ve'the  hori- 
zontal center  line  of  the  screen,  and  not  t^itirely  out  of  the  lowest  segment 
of  tlie  circle  as  in  onlinary  screens.  Tlie  iKTforatecl  plates  fonii  scgnientB, 
and  when  rcniuire*!  can  be  rem<>ve<l  or  replactKi  with  others  having  larger 
or  smaller  hok»s.  The  screen  will  be  8  feet  in  diameter  and  4  feet  in  length. 
The  first  perforated  plate  is  a  cone.  The  8i>eed  of  screen  to  deliver  400 
tons  in  10  hours  is  from  10  to  12  revolutions  per  minute,  but  in  dealing 
with  very  soft  coal  Mr.  Schmitt  prefers  a  slower  speed  or  two  screens 
moving  from  0  to  8  revolutions  jht  minute. 

The  following  table  shows  the  comi>arative  results  obtaine<l  on  the  Ruhr 
from  actual  working  of  ordinary  revolving  screens  and  of  the  spiral  screen. 
In  each  case  the  bulk  of  the  c^oal  worked  from  the  mine  is  comjKwed  oa 
follows,  viz. : 

10  i)er  cent,  larger  than  3  inch  cubes. 

11  '*  •*       *•     i;   ** 

12  '*  *'  •*      1      *' 

13  "  '•         *'      \      *' 
10        "             "         *•     ,\    •♦ 

22        "  less       **      i  and  culm. 

The  coal  coming  from  th<'  mine  is  i>as?red  over  an  ordinary  inclined 
srrccn  whifli  takes  oil'  20  j)cr  cent,  of  the  larger  coal,  the  remainder  being 
delivcn^l  by  the  elevator  nito  the  screen  by  which  it  is  separated  into  fine 
sizes. 

The  arrangt'mcni  and  dimensions  of  the  comparative  screens  fnmi  whicli 
tlic  following  tabl«»  is  eompilcd  are  shown  in  Figs.  1  and  2. 

Tahi.k  ok  Compahativk  Kksi'lts.— 0/v//;i</rv  AVvvoi/*.— i^Mg.  1.— First 
|H»rti(>n  .')  ft'ft  3  inclics  diameter,  M  feet  J>  inches  long,  12  revolutions  per 
minute. 

SecomI  portion  4  f<'«'t  <»  inclies  diameter,  14  feet  0  inches  long,  lo  revolu- 
tions per  minute. 

•" *■  S»|iinn»  foot  tntvtTMMl  «'<«]  dclivor^ 

by  the  <\niI  C\«1  «lolivi>rr<l  \ycr  M|uiirv  fiN^t 

IHT  minute.  iMT  miinito.  jut  uiinut^. 

2(K)(»  1 
1030  j 

RSn  ;  UiHt  lbs.  2.^)2  llw. 

KMNI  I 

;,  \},  9<K>.i 

Sfiirtil  AV'/T///.— Internal  diameter  2  feet  0  indies,  external  diameter 
7  fcrl,  lengtJi  4  fe«»t  3  inches,  10  revolutions  jht  minute. 
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ix>nit^  round  whtTt*  u  rhaniiel.  :L4  Fi^.  H,  receive^  ilieuj.  down  which  thej 
an*  disi'harir<'<i  out  at  ilie  end  of  1 1  it*  h  Teen.  The  eoaW  jiassnie  into  thr 
ihini  divi>inu,  .S.  an-  se]i;trated.  and  tlie  i»iw*es  noi  (>it><iug:  through  the 
thini  serie?-.  nf  holes  are  rHaineil  until  the  channel  :5vl  «-«tnie>  n>und,  when 
they  an*  deliwn*«l  out  at  the  end  :i.<»  l»efon\  The  "  culm  "  has  during  this 
tmu*  |>:l^^ell  through  the  hult>  in  division  8,  that  reniaininiir  fiaM^higout  at 
the  end. 

The  inijK'rfonitt'il  itr  blank  part  of  the  |»late  i>  to  iirvveni  the  i-nal  from 
iKMDg  returneti  after  p:i>Mng  tlinnigli  the  h«tl»->.  a*?  the  ileliwrx-  throu^ 
the  end  ehannt-U  'lA  and  :L4  tak*.-?*  plaee  {lartiaUy  at  or  al»ove  the  hori- 
zontal ei^nier  lint*  of  the  "M-reen.  and  not  entirt-ly  out  of  the  low»-*t  9«ini>^*^* 
i»f  the  oinle  a*  in  onlinary  ?M•reen^.  Tlie  iic*rfoVate<l  platen  fonn  MCTienie. 
and  when  re«iuire«l  imn  U'  remit ve<l  nr  replait-d  with  others  having  larger 
or  sniaUiT  hoU-s.  Tiit-  M-n-i-n  wiin.e  •*  feet  in  diameter  an«l  4  feet  in  length. 
The  first  i^erforateil  plate  i-^aii^ne.  The  spec-d  of  si-n-en  to  deliver  ^v 
tims  in  10  hour^  i>  fn>ni  lo  tti  12  n-volution>  fi^T  niinutf .  but  in  d««Jing 
with  very  soft  t^ial  Mr.  Sehmiit  pn-fers  a  slower  ^JX'e«l  nr  two  st-reens 
moving  fnmi  ♦»  to  >  n-vnhition*  \a.'T  minute 

The  following  table  shuws  the  eonii«arativi-  n-^ultc  obiaineil  on  the  Rnhr 
Arom  actual  working  ttf  ordinary  revolving  screens'  and  «.«f  th»-  >piral  s^^reen. 
In  each  i-ase  the  bulk  nf  tin-  «Vial  work  til  from  the  mini-  i>  coni|Ot^  ai* 
follows,  viz.  : 

Iti  jK-r  li-ni.  lanrer  than  :;  inch  cuIk^. 

11       •  "^       •    i;   •• 

11'         ■  ■  •      1       ■ 

l:i 

lo         ■  ■  •• 

—  "  It^-         "       ;    an»l  i-llhli. 

Thv  i^vil  f.'iiiing  :*]«-i.i  th»-  mine  >  ]-:i**ixl  «»vt.r  aii  «'r«!iiiary  in*. lireiJ 
^■n^  n  whi.-h  laki--  *>tV  J*  jt.r  r^i.t.  •>:*  ti.V  Iar:;er  o*'aI.  thv  rtiv.aii.dt-r  i-^-inis 
lielivi-r*.-*!  •  y  thi-  t.I«  vat-r  ::il««  th'.-  >*-T'*1:  -y  whi-h  i:  i*  ^tJ<ln^:•"•i  into  fin»- 
si/*>. 

TIk-  arraiij*  nit-ii:  aU'i  •liii.*  i.^i« ^ii •?»■:"  tliv  »'"'ii.j<ini:ivi.  -..-riTU*  :r>'m  whi«-li 
th«  roll.iwiiiL:  taM*-  i-^  •  "inpii'd  an-  ^in  wn  in  Fi-j'».  1  ar.'i  1. 
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Frtmi  theso  tables  it  appears  that  tlie  ordinary  .screen  delivered  1490  lbs. 
<jf  coal  per  minute,  aft«r  passinji^  it  over  5870  8(|uare  feet  of  screen  surface, 
and  that  the  spiral  screen  delivered  the  same  quantity  after  i>assing  the 
^•oal  over  2870  scjuare  feet,  or  with  oO  per  cent,  less  surface  traversed,  the 
!-<»als  in  each  ciise  being  separated  into  live  sizes. 

The  circuniferentiat  speeds  of  the  screens  are,  in  the  case  of  the  first  por- 
tion of  the  ordinary  screen,  108  feet  per  minute ;  in  the  second,  210  feet 
per  minute,  and  in  tlie  spiral  screen,  150  feet  per  minute,  at  the  mean 
diameter. 

The  greater  quantity  of  coal  screened  on  a  given  surface  by  the  spiral 
*<creen  is  accounte<l  for  by  the  fiu*t  of  the  coals  being  more  distributed,  and 
that  they  move  on  a  horizontal  plane,  while  in  the  ordinary  screen  they 
have,  besides  the  revolving  motion,  a  lateral  one.  Then,  in  the  ordinary 
44ereen,  the  **culnf'  has  to  hnd  its  way  through  the  smallest  holes  in  the 
first  section,  the  **  Pea  "  through  the  next,  and  so  on.  Thus  the  large»»t 
size  coal  must  traverse  the  screen  from  end  to  end,  and  so  on  proj)ortionat4» 
to  the  various  sizes  of  coal ;  while  in  the  spiral  screen  this  is  exactly 
reversed,  the  larger  size  being  first  separated  and  only  the  culm  traversing 
the  whole  length  of  the  serecm. 

Another  important  jioint  gaine<l  bv  the  larger  sizes  being  first  disi)Osetl 
of  it*  that  they  were  thus  prevented  iVom  further  breakage,  and,  coupled 
with  the  fact  that  a  given  (luantity  of  coal  has  in  the  spiral  .•*creen  to  pa«s 
•over  only  half  the  surfa<;e  re<iuired  in  the  ordinary  screen,  fully  accounts 
for  the  difierence  in  the  amount  of  breakage  in  the  two  screens,  be<*aust» 
this  incrcjuses  in  j)roi)ortion  to  the  surface  traversed  by  the  coal  in  the  pro- 
-'•t^s  of  screening.  Hence,  it  is  le.ss  in  the  spiral  than  in  the  ordinary 
'screen,  l)y  50  per  cent.  Further,  the  breakage  caused  by  the  large  coal 
ln'ing  retained  on  the  .screen  increases  as  the  cube  of  the  size  of  the  niwes 
the  weight  of  which  is  as  the  cube),  and  by  calculation  upon  this  (lata  it 
i!-  found  that  the  breakage  while  in  th<'  screiMi  is  less  in  the  spiral  by  00  i»er 
'M'Nt.  This,  so  far,  i>  theoretical,  but  based  upon  correct  principles,  and  to 
it  great  extent  contirnied  by  a<'tual  results. 

Helievin^r  this  form  of  screen  to  be  a  valuable  improvement,  and  on*' 
that  can  be  used  with  advantage,  particularly  in  our  anthracite  coal  break- 
-r.-,  the  writer  has  thouirht  it  w<u*thy  of  the  attention  of  those  engaged  in 
»niningand  prej firing  con! . 


BLOCKS  FOR  SEWER  CONNECTIONS. 

KKfiiLAK  Mkktincj,  M  av  ITtii.  -Mr.  Kudolph  llering  exhil>ited  mod- 
els of  sewer  conneetions  with  house  drains,  lately  used  in  Pliiladelphia. 
Tliey  are  made  of  terra  eotta,  slip  glazed,  and  are  10  inclies  long,  12  inche>. 
^leei)and  4  inehes  thick,  eurving  slightly  to  conform  to  the  ra<lius  of  the 
*ewer. 

fn  the  <-entrt'  of  the  bloeU  an  8  ineh  pijK'  enters,  at  an  angle  of  45°,  hav- 
ing a  socket  at  its  upper  end  to  receive  the  house  drain  pip«*.  By  having 
a  rectangular  face,  with  a  length  of  2  bricks  and  a  depth  of  5  eourses,  they 
jK.Tmit  of  being  built  into  the  brickwork,  as  this  progresses,  without  any 
<utting  of  either  brick  or  pipe,  and  thus  form  a  strong  and  smooth  con- 
nection. 

fhe  end  is  closed  by  a  stopper,  which  can  be  readily  removed  when 
-iesired.  The  blocks  were  built  into  the  sewers  opposite  each  bifildin^  or 
Juilding  lot.     Their  <'ost  was  from  $1  to  $1.25  j)er  piece. 

THE  HARRISON  CAR  AXLE. 

RixuTLAK  MKKTiNci.  .IiNK   7th.— Mr.  Jos.  8.   Paxson,  introduced   by 
Mr.  J.  H.  Harden,  read  the  following: 
The  utt(>nriojj  of  engiiuvrs  and  others  has  for  many  years  been  calle<l  t.o 
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the  uei^eMBity  of  applying  Honie  means  for  lessening  or  overcoming  the 
friction  on  curved  railroads,  which,  with  the  usual  arrangement  of  ri^d 
wheels  on  axles,  is  the  cause  of  great  loss,  both  in  motive  power  and  in  tne 
wear  and  tear  of  track  an<l  mlling  stock.  The  exact  amount  of  such  los* 
has  never  yet  been  satisfactorily  demonstrate*!,  the  authorities  difTering 
widely  in  their  conclusions,  but  as  you  are  aware,  the  subject  is  receiving 
renewed  attention,  and  exnerinients  are  now  beinji^made  to  cietermine  said 
loss,  aided  by  the  improvea  np]>aratus  whicli  modern  engineering  talent  i* 
able  to  iiring  to  bear  upon  this  important  subje(rt. 

The  Improved  Harrison  axle,  which  I  have  the  honor  to  exhibit  to  your 
society  this  evening,  at  the  kind  suggestion  of  Prof.  Ilaupt,  is  <lesigned  to,, 
and  we  think  does,  accomplisli  more  than  any  other  arrangement  of  axle» 
with  independent  wheels  that  has  so  far  been  ottered  to  th<'  consideration 
of  practical  men,  and  for  the  following  reasons  (see  plate) : 

1.  It  dmrs  not  reduce  the  strength  of  the  main  axle,  which  is  undivided, 
and  is  actually  strengthened  by  the  collar  forged  on  its  centre,  while  the- 
independent  action  of  the  whi»els  frees  it  from  all  torsional  strains. 

2.  No  material  change  is  reciuired  in  the  pedestal  i)oxt»s,  brasses  or  jour- 
nals, a  tritling  enlargement  of  the  opening  of  one  box  for  each  axle,  to 
admit  the  en<l  of  the  sleeve  therein,  being  all  that  is  needetl. 

3.  .Each  wheel  being  fitte*!  rigidly  to  its  axle,  revolves  independently  of 
its  mate. 

4.  Ample  lubrication  is  provided  for  by  extending  the  sleeve  into  the  oil 
box,  where  the  surplus  oil  from  the  journal  feeds  in  on  the  bearing  under 
the  hub,  while  the  cavity  of  the  sleeve  is  supplied  through  the  animlar  oil 
chamber  and  feeds  the  centnil  liearings.  Any  surplus  therefn)m  passes 
under  the  hub  into  the  oil  1k)x  and*  is  not  wasted. 

o.  The  sleeve  is  nmintained  in  its  retjuired  longitudinal  iwsitioji  by  an 
annular  cap  abutting  against  its  inner  end  and  against  the  centnd  CTOllar^ 
and  is  secured  to  said  can  by  two  or  four  lM)lts  and  nuts.  A  recess  is  formea 
in  the  cap  and  ftllecl  with  ])acking  to  exclude  <lust.  A  washer  for  the  same- 
purpose  encirck^s  the  end  of  the  sleeve  proje<.'ting  into  the  jK'destal  l)OX. 

This  arrangement,  therefore,  is  most  simple  in  constructum,  having  only 
two  additional  parts,  the  sleeve  and  t!ie  cap.  It  is  strong  an<l  <lurable,  and 
not  likely  to  get  out  of  order,  and  bi^ides  it  is  the  least  expensive  plan  yet 
shown,  tlie  extra  cost  for  horse  street  cars  not  being  more  than  tiftt»en  dol* 
lars  each,  with  an  additional  weight  of  about  15()  pounds,  and  for  eight 
wheel  steam  cars  about  (me  hundred  dollars  extra,  with  an  additional 
weight  of  from  500  to  (KK)  [K)unds  each  car. 

As  yet  we  have  experimented  only  on  street  railroads, 

I  herewith  submit  a  copy  of  a  ix)ftion  of  a  re|K)rt  made  to  onr  c<mipany, 
dated  May  1st,  1878,  by  Charles  K.  Emery,  Civil  P^ngineer,  of  a  series  of 
tests  made  by  him  with  a  dj-namometer  on  car  No.  6  of  "The  Houston, 
West  Street  and  Pavonia  Ferry  Railroad,"  in  the  city  of  New  York,  fitted 
with  the  Harrison  patent  axles,  at  the  40  foot  curve  at  the  intersection  of 
:Kth  street  and  Lexington  avenue,  in  comparison  with  cars  Nos.  lo  and  V> 
of  said  road  fitted  with  ci>nnnon  axles. 

Rkmarks.— **The  resistance  of  the  car  with  the  Harrison  axle,  on  a 
level  curve  of  40  feet  radius,  is  found  to  be  34*03  i)ounds  jHjr  ton,  and  of  the 
cars  with  common  axles  53'57  pounds  per  ton. 

**  These  numbers  are  In  the  proportion  of  100  to  1.37'42 ;  so,  evidently, 
57*42  per  cent,  more  load  may  be  pulled  on  a  curve  of  40  feet  radius  by  a 
given  force  with  the  Harrison  axles  in  use  than  with  common  axles,  cor- 
responding to  a  saving  of  resistaiu^e  with  a  constant  load  of  3H*48  per  cent. 
The  proportion  of  saving  would  be  somewliat  greater  on  the  sharper  curves 
of  30  and  32  feet  radius  often  used  on  street  railroads. 


**The  a(;tual  curve  resistance  when  using  the  Harrison  and  common 
axles  respectively,  is  found  to  be  22*23  pounds  and  41.77  pounds  i)er  ton, 
which  are  in  p 
Harrison  axle 
46*78  per  cent. 


which  are  in  proportion  of  100  to  187*9,  so  that  the  saving  by  the  use  of  the 
Harrison  axle  in  the  extra  resistance  due  to  a  curve  of  40  feet  radius  l* 
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represents  the  actual  saving  in  wear  and  tear  on  tiie 

*  *»^^^    »K^  r.^rni>nf^ofi>  nrftvinnalv  given 


^elphia. 
Coatinental  Line,  qat  No.  8,  to  be  followed  siK>n  by  many  more. 
RkUre  Avenue  Line,  car  No.  29. 
MaAet  Street  Line,  ear  No.  41. 
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"The  actual  curve  nxmu^%^  ..^^« 

axleH  respectively,  is  found  to  be  22-28  pounas  and  41.77  pounds  per  ton,* 
which  are  in  proportion  of  1(N)  to  1S7*9,  ao  that  the  saving  by  the  use  of  the 
Harrison  axle  in  the  extra  resistance  due  to  a  curve  of  iO  feet  radiun  \^ 
46-78  per  cent. 
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"This  percentage  repreBents  the  actual  saving  in  wear  and  tear  on  the- 
flanges  and  track  due  to  curve  resistance,  the  percentage  previously  given 
representing  the  saving  in  draft  on  the  curve/' 

After  a  run  of  twelve  months,  or  22,000  miles,  the  wheels  and  axles  were 
taken  out  from  car  'So,  6  because  the  treads  of  two  of  the  wheels  were  so 
much  chipped  or  broken  out  by  running  over  the  track  an<l  frogs  of  the 
New  York  Central  and  Hudson  River  Railroad,  which  the  cars  of  this 
line  are  obliged  to  do  on  a  part  of  tlieir  route,  as  to  cause  the  car  to  leave 
the  rails,  which  difficulty  interferes  with  all  the  cai*s  of  this  line.  On 
examination  the  axles  were  found  to  be  so  little  worn  lus  to  warrant  new 
wheels  being  placed  on  them. 

The  flanges  and  treads,  compared  with  those  of  rigi<i  wheels  under  car 
No.  39,  running  over  the  same  route,  with  the  same  time  and  mileage, 
show  a  wear  exceeding  100  per  cent,  of  the  rigid  more  than  the  Harrison 
wheels.  The  subjoined  diagrams  are  made  from  impressions  taken  from 
the  Harrison  wheels  of  car  No.  6  and  the  rigid  wheels  of  car  No.  39.  All 
the  wheels  are  from  the  foundry  of  M.  W.  White  &  Co.,  West  33d  strkH*t. 
New  York. 


Fig.  I. 


Kig.  1  represents  the  left  hand  or  No.  1  Wharton  wheels. 
Fig.  2  represents  the  right  hand  or  No.  3  Wharton  wheels,  or  maten  or* 
No.  1. 
A. — Original  shape  of  all  the  wheels. 
/?.— Present  shape  of  the  Harrison  wheels,  car  No.  6. 
C— Present  shape  of  the  wheels  on  the  conmion  axles,  car  No.  39. 

I  beg  leave  to  add  that  in  addition  to  car  No.  6,  above  referred  to,  U»st» 
have  been  and  are  now  being  made  on  the  following  street  roads  in  Pliila- 
delphia. 

Continental  Line,  car  No.  8,  to  be  followed  soon  by  many  more. 

Ridge  Avenue  Line,  car  No.  29. 

Market  Street  Line,  car  No.  41. 
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Kni!ikford  and  8<)Uthwark  (5th  and  Hth  strt»t»t)  Line,  sU^ani  car  No.  10. 

**  **  double  deck  car  No.  4. 

*'        .  **  down  town  or  city  ear  (new)  Nail 

All  of  whU'li  arc  doinji:  jtckmI  service  daily. 


AUTOMATIC  FOUL  AIR  VALVE. 

HKfii'iiAK  Mi:ktin(j,  Jcnk  7th.— Mr.  John  J.  (xonnan,  introduced  by  Mr. 
iHering,  cxliibited  a  trap  of  his  own  invention,  designed  to  prevent  theegKH 
ot  noxious  gases  fre<iuently  emanating  into  the  street  ironi  sewer-inletd. 
it  consists  of  a  balanctKl  valve  hung  on  a  shaft  running  acn>88  the  back  of 
the  basin,  with  the  plate  swinging  upwards  against  a  joint  of  lead  inclined 
at  an  angle  of  about  30°.  When  a  sullicient  amount  of  water  falls  uixm  it 
■the  valve  o})ens,  permitting  the  <lischarge,  after  which  the  counter  weight 
•f'loses  it  again.  In  striking  agtunst  a  soft  metal  like  lead  the  edge  of  the 
valve  is  well  bcHlde<l,  and  a  tight  joint  is  readily  secured.  A  few  of  thew 
tmj>s  are  in  use  in  the  city  and  are  said  to  answer  well.  They  are  made 
v«rv  substantially  and  cannot  get  out  of  order. 

The  inventor  lias  ap])lied  the  same  principle  to  pifK^s  leading  from  water 
"iloHets,  sinks,  etc. 

AMERICAN   PORTLAND  CEMENT. 

FUxii'LAK  Mi:KTiN(i,  Oct.  Ihth,  l.S7J>.— Mr.  Rudolph  Hering  mailesonie 
remarks  upon  the  cement  manufactured  by  the  C<»play  ('ement  Company, 
near  Allcntown,  Pa.  It  is  a  natural  c-ement  and  the  only  American  brand 
that  approaches  in  strength  the  Knglish  Portland. 

The  rock  is  an  argillaceous  limestone  forming  the  upp<*r  layers  of  the 
Trenton  group.  To  obtain  a  uniform  ccmsistenry  it  is  crushed,  <M>an*elv 
groun<l,  and  by  admixture  with  water  worked  into  a  stitl*  jKiste,  which  fc 
^spread  out  over  a  large  surface  and  rut  up  into  briquettes.  When  these 
arc  pcrtVitly  dry  they  an*  pile*!  into  the  kilns  and  burned  until  slightly 
filled.  Thr  mass  is  tlirn  rrniovcd  and  ground  tin*',  when  it  is  reauy  for 
*\i*'  market.  Tiu-  <iuarry  and  works  arc  sitviuicd  on  i\\v  imnks  of  the 
L<'high  river  and  alon^rside  the  tracks  of  tlic  Lehigh  V^allcy  Railroad, 
•oflV-rin;:  the  bfst  fa<-ilitit's  tor  shipment.  Kcirardinjr  its  merits  as  a  cement 
Wf  rrfer  to  the  fx«'ellcnt  pap«'r  of  Mr.  W.  \V.  Maclay,  TrnntifHfionA  of  fh* 
Antf  rudii  Sariifj/  of  Civif  Emjint  i  rx,  December,  1n77. 

The  fact  thai  this  <M'incnt  is  not  arliticial,  but  depends  u|K>n  the  nature 
and  composition  of  the  various  layers  of  rocks  in  quarry,  necessarily  leads 
to  slijrht  variations  in  (|uality. 

Any  i)ri((uctles  which  w«'rc  not  heated  up  to  llic  pt>int  of  fusion  an* 
•i'ulle«'l  out,  and  after  being  ground  are  sobi  as  the  '*Anch<u'  Hnuid," 
whicli  in  quality  is  slightly  inferior  to  the  best  Hosendale  C4*ments  (sani- 
ph-^  ^liown  of  tlic  cement  i?i  the  various  stages  of  mannfactnrc.j 


EAMES    PETROLEUM  PUDDLING  PROCESS. 

RiUJi'LAH  .MKKTJNti,  Oc-T.  iMTJf.  -Mr.  ('has.  A.  Ashburner  read  the  fol- 
biwing: 

Within  the  past  week  I  have  prtwured  sonu'  fads  in  regard  to  the  use  of 
•  rudeoil  (petroleum)  as  fuel  in  the  mannfa<*ture  of  blooms  at  the  Eame> 
Petroleum  Iron  Works,  Titusvilb',  Penn.  Although  I  am  not  preimre^l  to 
give  a  very  minute  description  of  the  details  of  the  proeess,  or  very  close 
•estimates  as  to  costs,  a  general  mention  of  a  comparatively  new  puddling 
fuel,  as  employ4'<i  at  those  nvently  c(»nstructed  works,  may  interest  the 
members  of  the  Cluh. 

The  KamesOil  Fuel  Proce«<s  ('on)pany  was  incorjmrated  in   New  York 
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in  1877,  and  during  the  past  yvAt  tho  Titus ville  iron  works  have  luvn  cou- 
Htructed  at  a  cost  of  $25,(M>0. 

The  Eames  process  for  utilizing  petroleum  an  a  fuel  luus  l)een  use<l  foi 
about  five  years.  lUoonis,  Ijoiler  nlates,  horse  shoes,  crucible  and  open 
hearth  steel  and  glassware  have  all  beiMi  manufactured  through  the  ag(ui<'y 
of  this  process  ;  with  what  degree  of  success  I  am  not  prepared  to  state. 

\Vitli  the  exception  of  the  petroleum  vapor  generator,  which  of  coui-st' 
marks  the  specitic  character  of  the  Titusville  works,  the  bloomery  is  not 
unlike  other  bloomeries. 

The  generator  consists  of  a  cast  irou  vessel  with  horixontal  shelvi»s  pro- 
jecting alternately  from  opposite  sides.  The  petroleum  enters  from  above 
through  a  quarter  inch  pipe  and  under  l!0  iiounds  pressure.  Underneath 
the  generator  is  a  coil  of  pipe  in  which  the  steam  from  the  Ijoiler  is  supor- 
heated  by  a  tire  around  the  coil. 

The  steam  iieated  to  incandescence  tinds  vent  in  tlie  bottom  of  thegen- 
erator  and  meets  the  oil  as  it  drips  from  the  lower  shelf.  The  oil  is  taken 
up  and  carried  to  the  combu.stion  chamber,  where  it  is  ignited  and  forced 
into  the  furnaces  bv  the  air  blast  which  it  encounters  at  this  point. 

This  chand)er  isl>uilt  on  the  bridge  wall,  and  consists  sinn)ly  of  a  cellu- 
lar tier  of  firebricks  placed  on  entl  extending  across  the  bridge  wall.  Ir 
the  condmstion  chamber  has  a  horizontal  thickni'ss  of  more  than  18  inches 
the  bricks  fuse.  The  heat  from  the  two  furnaces  }>asses  through  the  flues 
of  two  60  horse  boilers,  which  supply  the  ix)wer  for  the  works.  A  12  hors»*^ 
auxiliary  boiler  furnishes  steam  for  the  generator. 

The  bloomery  can  be  started  very  quickly,  as  the  combustion  of  oil  takes 
place  Just  as  soon  as  the  steam  can'be  superheated  under  the  generator. 

The  works  have  been  shut  down  at  ii  P.  M. ;  at  6.15  A.  M.  the  next  moror 
ing  fire  is  let  into  the  furnace  and  puddling  can  be  comnience<i  at  7  o^clock- 

The  furnace  is  lined  with  l(MX)  i>oun<ls  repid)lic  ore  No.  1,  and  charge<l 
with  475  pounds  pig. 

In  45  minutes  the  iron  is  puddled,  conveyed  to  the  hammei's  and  worker f. 
into  two  blooms  six  inches  scjuare  and  io  inchcMS  long.  The  blooms  are 
then  placed  in  the  heating  furnace,  remain  for  1()  minutes  under  an  intense 
heat,  and  are  then  hammered  and  made  into  the  tinished  bloom,  weighing 
from  175  to  L'Oi)  pounds,  and  demanding  a  priee  ranging:  from  $71  to  *so. 
per  ton. 

Most  of  the  iron  is  used  for  tanks,  tubing  and  casing. 

The  cajjacity  of  both  furnaces  is  .*{()  tons  per  day  and  20  barrels  of  rrud^- 
oil  are  use<l. 

At  present  three  sets  of  men  are  emi»loyed,  each  set  consisting  of  thri-e- 
}»uddlers,  three  heaters  an<l  six  hammerers.  The  turns  are  (Mght  bourn- 
in  length. 

No.  6  ENGINE  -SPRING  GARDEN  WATER  WORKS. 

Hkcjulak  Mkktixcj,  Oct.  IStii.— Mr.  Darrach  remarked  that  No.  ♦? 
engine  at  the  Spring  (Jarden  Water  Works,  built  in  ls72,  by  Mr.  Henry 
<T.  Morris,  has  lately  been  partially  rebuilt,  the  slide  valve  gear  replaced  by 
poppet  valve  gearing,  and  the  inlet  chandjcrs  to  the  pump  rel)uilt  and 
remodeled.  The  engine  is  now  pumping  against  170  feet  head  instead  of 
llTi  feet  as  formerly,  a  development  of  lo  to  15  per  cent,  greater  duty. 

PRESERVATION  OF  TIMBER. 

REorLAK  Mkktin(J,  ]Sov.  15th.— Mr.  Chas.  E.  Jiillin  read  some  note?* 
on  the  subject.     The  opinions  of  many  of  our  princijial  road-masters,  in 
regard  to  the  life  of  ties,  seem  to  be  very  diverse.    They,  however,  placv- 
the  life  of  a  white  oak  tie,  cut  when  the  saj)  is  down,  seasoned  and  laid  in. 
good  gravel  ballast,  at  between  seven  and  ten  years. 
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The  maiority  of  roacl-ina«terH  apparently  live  in  blissful  ignorance  o( 
the  bt^nencial  efl'eets  <lerive<l  from  the  use  of  prenervatives ;  and  it  li 
undoubtedly  on  a<HH)unt  of  Huch  ignorance  that  more  decided  steps  haw 
not  bwMi  taken  in  this  oountrj- toward  economizing  our  timber  supply, and 
the  cost  of  maintenance  of  way  of  our  railroads,  by  increasing  the  life  of 
timlicr  used. 

Some  few  exj>eriments  have  bei»n  made  within  tiie  last  ten  years  towaii 
lengthening  the  life  of  tit»«  by  Burnettizhig,  etc. ;  but  the  .processes  w«» 
app1ie<l  in  a  very  <Tude  an<i  iniperfetrt  way,  and  the  partial  failure  of  th«e 
experiments  has  <lone  niucli  toward  preventing  the  introiluction  nowof 
new  and  thor«)ugh  pr<K*,esst»s. 

It  is  i*stimated  that  seven  million  acres  of  timlx^r  are  cut  each  year,  in 
order  to  furnish  ties  for  railroad  use.  These  ligures  are  not  an  exaggeia- 
tion,  and  it  is  only  astonisliing  that  their  magnitude  has  not,  before  the 
past  year  or  two,  attracted  more  attention  to  the  subject  and  led  to  the 
jido))tion  of  some  preservative  proi-ess  by  our  larger  railroad  comjmnies. 

Instances  were  cited  of  English  creosoted  ties  which  had  been  in  use  for 
twenty  and  twenty -two  years,  and  were  in  as  g<Kjd  state  of  preservation  as 
when*  put  in  track.  Creosoted  piles,  driven  at  Portsmouth,  England, 
forty-two  yeaiN  ago,  were  statecl  to  have  been  found  as  good  above  watw^ 
line' as  bcJow,  and  to  have  outlived  sixtet^n  and  seventeen  sets  of  piles  cat 
from  the  same  timber  and  driven  in  the  same  work,  but  which  were  not 
vreosottKi. 

Mr.  K.  R.  Andrews,  of  New  York,  in  a  letter  ui)on  this  subject,  addressed 
to  the  Club,  siiys: 

**  Wi'ck  before  last  I  went  with  Mr.  Stearns,  Asst.  (len.  Supt.  of  the  Cent 
N.  J.  Kailroad,  to  examine  about  a  mile  of  track  laid  in  the  spring  of  18W 
in  tiie  outlwund  main  line  of  that  road,  beyond  Bound  Brook,  with  creo- 
si)ted  Virginia  ()ld-Fi<*ld  Pine  tics.  They  were  fairly  treated  only  by  the 
simple  jjrcssurc  process,  without  the  advantages  of  fhe  steaming  process, 
which  I  value  v<Ty  highly,  beciiuse  it  not  only  gets  rid  of  the  moisture 
M'ithin  the  wood,  but  coagulates  the  albumen  of  tlie  sap,  and  also  enables 
me  to  impregnate  the  timl»er  more  thoroughly.  These  ties  were  imj>reg- 
iiateci  only  in  the  sap-w<Mxl,  and  notwithstanding  the  fact  that  they 
were  iikhIc  of  a  poor  <|unlity  of  wood,  yet  they  were  found  ui)on  examina- 
tion to  Im'  perfectly  sound,  and  arr  )K)t\ttf  in  thr  Irasf  hif  thf  vail, 

•'  Kngineers  constantly  say  to  mo  thnt  ties  cut  out  before  they  decay,  and 
I  always  deny  the  fact.  Kven  although  tlu'  larger  j)art  of  the  w(K)d  appears 
to  ho  sound,  yet  1  am  confident  that  when  tliey  cut  there  is  a  lociil  rotting 
under  the  rail  and  around  the  spikes  suttlcient  to  destroy  the  tenacity  of 
tlie  fibres  so  that  they  lose  their  hold  on  tlie  spikes.  OthoVwise  the  ties  in 
<iuest ion  would  be  ciuito  cut  away  under  the  severe  tratHc  to  which  they 
have  been  subjected.  My  own  belief  is  that  soft  woods  will  not  begin  to 
cut  until  they  begin  to  decay,  and  as  creosoting  will  j)rotect  them  from 
<lc<-ay,  tiiat  when  thus  prepared  they  will  economically  roi)lace  oak  ties  on 
level  tangents,  even  on  trunk  lines  with  heavy  tratHc'.  It  may  be  that  on 
curves  and  .steoj)  grades  and  near  stations,  whore  the  brakes  are  usually 
apj)lied  and  the  wear  much  increased  in  conso<iuenco,  creosoted  hard-wood 
ties  wouhl  he  better.  The  same  would  be  true  with  switch  ties.  Any 
l»orous  hard-wood  will  absf)rh  i-reosotc  as  roa<lily  as  soft  woods  and  resinoa** 
wo<«ls  are  very  readily  treated,  hence  the  heart  of  yellow  pine  creosoted 
will  make  excellent  switch  ties." 

BUTLER  MINE  FIRE  CUT-OFF. 

I{K<irLAK  Mkktino,  Nov.  Ioth.— Mr.  John  E.  Codman  said   he  had 

recently  received  some  information  from  Mr.  C.  T.  (-onrad,  8ui)erinteud- 

.«*nt,  in  regard  to  the  success  of  this  work^     He  road  the  following  descrip- 

Igw  vol.  1,  \kK\. 
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QU  ijf  tht^  fltate  of  irffairs  :it  the  mine  liist  fluiitmc-r,  and  n  letter  from  Mr. 

ue  flriMH  Uh*  llufler  i^)Ilior>*,  u  **liort  cllHtaricc  from  Mu*  Lelil^h  and 
phauua  Rnllrtiail,  on  tilt'  out^ikirtj^  of  IMtf^toii,  Pttuu,  ^njnlinues  to 
'^fitTceh  .  At  pres^fiit  It  is  r?*titimleri  tlxjit  Uu  acTeB  of  aiitlimi-ito  arr 
irvwUij^  hi  lilt*  u|ijMr  vdn^  nnd  tht*  most  s^tartUrig  j>haw  of  tlu*  iitliuriK 
At  ttu»  ?»titifr?^  Ill  rh*'  rmi»Niy  of  tlte  «*oin|^iiiiy  nrv  working  the  vein 
^Qt^th.  A  visit  tf)  tilt'  workmen  in  tlieir  su!»termueaij  oven  ifivt^M  some 
of  the  internity  willi  vvlii rh  Hn^  tire  is  nv/in^  over  their  iivJwK 
^Ithou^h  >e|"iiratril  from  tJ*ein  Ity  TlM'eet  ot' s^ofii)  rock ^  yut  the  heat  ih  so 
'eat  that  they  sire  eorn|»eilefl  to  work  without  aiinrtieleof  L'ioihinif  ujMm 
|rm,  exet'iitiii^^  :i  li^iit  jwiir  of  (Iriiwerw  or  iiv*TiUt»*  The  iicTspirmLioii 
^UTH  cou^^Tiuilly  I'roni  fheu"  iNKliei^,  nud  tlie  temtH'nitnre  is  mvteh  theaunie 
i  if  they  >^  ere  til  Work  in  iire^tfiiee  oT  a  roiirin^  funiuee.  It  iis  very  seri- 
-fin^^ly  qiif?*|j<im*cl  hy  tho!^iMincierjHt«ndhi^  liie  situutioii  whether  the  men 
•houtil  t»e  jierminetl  t*i  work  in  Uiii*  intennly  perilou^i  position.  Even  the 
"'  '  they  breatlie  (mn  to  jmh.^  (hroii^h  the  rtiiTiji-B  of  tlie  Uiirning  vein  ijefore 
^  miehe.^  them,  uml  it  i^  umlerstooii  tliat  ^line  In.s|ie<.'tor  JopeJi*  hiwalreadjt' 
[>tlt!iHl  file  etioiimuy  thnt  they  musst  eonntrQel  another  i^lviift,  to  admit 
In.^  11  ir  to  tJie  worlxnii^i^  or  (juit  work- 

The  lire  in  the  ButU'r  miiu^  lia^  now  heen  hurninir  U]>wrtrd  of  two  year**. 
;  orijrimiteiJ  in  the  uh\  workiniJ^H  of  an  ahjindoned  mine,  near  wliut  was 
low II  UH  liie  tiutenip  of  llie  fourteen-foot  vein^  tind  on  tlie  very  hifj^lje*^! 
round  itt  the  proptTty  of  the  Ilutler  t%Jiil  f;onijmny.  The  dt'^itriJctive 
irl%  wttii  first  kind  ted  hy  a  ]if«:ir,  de^^'iided  v^'oman,  who,  liaving  t>eeii 
lvv»ii  rnmi  the  wtietter  of  liie  town,  took  refujre  In  one  of  tlie  ntmierontj 
Ives  cm  the  out.Hkirts.  Hen-  ^he  niitdc  m  11  rt-  for  the  pur|W^j*e  of  eooking 
1  ktep  lier  warm  at  ni^rht.  One  inidniKhl  s^he  wa^  alarmed  hy  .nveinp: 
atire  •^i<le  of  tin*  i^tive  on  tire^  and  ftht*  tlect  hi  terror  from  the  seene* 
Iniendenl  Ikiun'ti  one  of  the  mo^t  pnietirid  und  earefu]  maniiifera  in 
jegion,  liad  lii>H  atteiithin  railed  to  the  fire  early  in  Jnne^  1H77.  By 
time  it  Imd  made  a  ff4»od  deal  of  headway  iniftli-eiii^t  r)f  tlie  piteL 
rm^  tiie  pilhirs,  and  the  emirwe  it  wmh  takhig  indieated  that  it  ivould 
tiortly  exhauHt  it  well'.  There  wus  imthin^  to  give  rif*e  then  to  the  appre- 
henf^ion  tlntt  it  would  work  ila*  way  down  tin'  pitch  or  declivity^  and 
|jn mediate  stepH  were  taken  to  cover  the  '  eave  hole«M^y  which  tiie  lUr 
fii^  admitted  to  fee*!  tiie  tlinne«*  Tliefie  iiole**  had  heen  eaui?ed  hy  the  eav- 
nf  tlif  ^urfnep  wher*'  the  mine  had  iieen  workeil  out  and  no  pillar!*  left 
j>orl  ttje  r*M>f,  The  Hteippinj^  up  of  tliejse  |U"e vented  in  a  measure  the 
of  the  fire,  l*ut  owing  t^*  the  eleviitetl  ehanieter  of  the  plaee  it  wa>* 
pihk*  to  o  Ilia  in  water  In  suHleient  ipumtity  in  he  etteelive.  An 
|innent  wtu*  made  with  a  party  to  open  and  el'ear  out  an  ohl  ehamher 
_  mimr,  nitentlln^^  thereby  to\'Ut  off  the  (iames,  imt  the  work  wtvs 
ir  in  u  hunKllnjT  tnaiiner  ancf  failed  to  do  what  wtm  intended. 

L'  i  n  g  t  h  e  I  i  J  r*  -at  e  1 1  i  n  g  c  I  laract  er  o  f  t  h  e  el  e  n  i  e  n  t ,  tli  e  com  yum  y  at  len  g  tli 

loptjecl  a  plan,  at  an  enonnou.^  expense,  whieh  it  wai<  hoped  would  prove 

Xeetive.     A  point  wuw  f4eh*eted  about  ei^ht  hundred  feet  from  the  firej  at 

an  open  ent  wa^  be^un  from  the  snrfaee  down  to  the  old  workjngSi 

intended  that  this*  eul  wot  lid  he  ;io(J  yardj*  in  lengthy  21)  feet  wide  at 

[>tlom,  and  ranging  from  V2  to  4'>  feet  in  depth.     The  plan  wa«  that 

Kngineer  (\  'i\  t'onrad,  who  eontemplated  at  the  outset  the  removal  of 

l>,iJ<>c>  eul»ie  feet  i^f  earlh^  roek  and  eoal  in  the  construction  of  this  magie 

Iri'le  alxiut  the  tire.    He  runnelled  a  part  of  the  way^  and^  in  the  faee  of 

aelesj*  ai>psirently  iiif+u  run  mutable,  he  worked  *iteiidily  day  and  night 

^aMron^  foree  of  men  until  idw  plan  Avas  eft'eeted/  The  pro^resa  of 

Mtef^  have  stnee  been  slow,  hut  now  they  seem  to  have  gained  a  great 

and  not  only  the  coal  hut  the  syperineuuibent  roek  i^  red  with  fire* 

ha^  now  advanced  almost  to*  Engineer  Coiirad*H  eireunuicrilied  limit, 

jjd  niucti  anxietv  la  fell  lest  it  should  break  beyond  the  houmlary. 

**The  danger  lfe»  in  the  tunnelled  part,  where  it  is  feared  glowing  rock 

rill  carry  tl^t ruction  over  the  are ii way  and  commimicate  it  to  the  adjoin* 


iiijr  property.  The  groat  danger  from  th«*  lire  would  ariw  from  itKexteu- 
hion  into  the  worliinp<of  tliv  IVnnsylvaniaC'oal  CoiniKiny,  and  onct^thnt 
no  |>owiT  on  oarlh  <'an  prevent  it  from  worlving  itn  way  undor  the  town^f 
Piltston." 

>fr.  Conrad,  in  :i  letter  under  tiate  of  Xov.  lltli,  l.s79,  siiys  : 

"  All  work  was  llnishcd  on  the  eut-ofl'  Septemher  30*tli,  and  ehaiiKtti 
iMTurrin«r  sinee  then  liave  only  srrved  to  eontirm  the  announcement,  then 
made  lo  thcM-ompany,  that  tliV  work  was  a  eomph't*-  sut^eess.  Ther«*wi» 
no  question  of  the  >ucci'>sof  any  portion  «)f  the  work  exeept  the  tuund. 
Tliis  wasnot  in  theoriirinal  j)lan,  hut  was  afterwards  deirided  U|)on  fn«i 
eeonomieal  reas(»n>.  After  full  study  and  examination  on  my])iirt,and 
in  opposition  to  th<>  o)>ini(»n  of  many  l;oo<l  en«rineers  and  exi>erien(r<^i  coal 
oiKTatoix,  the  tunnel  wa.s  made  to  etleet  a  s;ivin;;  of  s1],(NN),  and  to  iiMunr 
ample  time  for  the  n»st  of  the  work,  lioth  of  these  ohjecls  the  tunnirl 
:weoniplished,  and  then  the  original  question  eame  up,  couhl  or  would  tin* 
lire  cross  it? 

"There  are  dry  walls  on  hoth  sides  of  the  tunnel  varying  from  l8t<>3S 
feet  in  thi<*kni^s,  with  an  intervening  spaee  of  12  to  IS  feet.  The  walk 
were  earritMl  4  feet  ahove  the  eoal,  /.  *\  18  feet  high  in  all.  The  wall  on  the 
tire  side  during  the  past  summer  has  ht^n  heate<l  to  a  whitr.  luat  thn»ugh 
to  the  exposeil  face,  this  (x-eurring  at  dilVerent  points  from  time  to  time, 
hut  all  <MH>ling  oil'  in  a  few  wt»eks  and  never  reheating.  Finally  the  great 
heat  penetrated  through  the  ou  feet  of  ro<'k  an<l  earth  <'overfng,  and  ao 
wi*akene<l  and  disintegrated  the  nuiss  that  it  linally  hroke  down  in  sulR- 
eient  quantities  to  eltxse  up  the  tunnel  with  hroken  rtH'k.  This  did  not 
iM.M:ur,  however,  until  after  the  lire  had  spent  itself  and  the  walls  were  ill 
••ool. 

*'  I  eonelude  that  lire  will  not  pass  through  two  stone  walls,  properly  buUl 
and  proportione<l,  aiul  withaeohl  air  passage  kept  open  between  them. 
Whilst  I  adoi)ted  not  less  than  10  feet  air  spa<*e,  for  safety,  I  am  satisfied 
that  .'i  feet  would  have  accomplished  the  same  ohjtrt.'' 


MINUTES  OF  MEETINGS. 


Of  thk  Via:\\, 

May  17th,  1<S71>. — An  adjounn'il  business  nuH'ting  wius  heltl,  Mr 
Suiutlcr,  V.  P.,  in  tli(^  chair;  lo  mcmhcrs  present.  The  FinamvCVmi- 
mittec  rej>()rtod  J$->''^2.2i>  in  tlic  tivasiirv.  The  l^iihlication  C'oniniittiv 
re|)ortc<l  tlu^  third  number  of  the  J^mnrdinf/s  as  in  the  |)ri uteres. 
Iiands,  and  wotdd  Ix'  ready  lor  distriI)ution  <'arly  in  June.  Messrs. 
Darrach  and  llerinL;  wen;  appointed  tellers,  and  upon  ii  vote  l)einj» 
taken  they  announced  Mr.  (Ico.  R.  1  hick  man  eh-i'tiHl  corrtsponding 
nuMuber,  an<l  Mr.  W.  Frank  Newell  active  mcnd)er.  I'pon  motion 
it  was  <l(!ci(lcd  to  adjourn  the  rcgidar  meetings  of  tlie  Club  f'mni  June 
7th  until  ()ctol)cr  -Ith.     The  business  mcetin^j!:  was  then  adjoiinuHl. 

A  regidar  meeting  was  held,  and  Mr.  Darrach,  Ciiairmaii  of  Com- 
mittei^  on  intbrmation,  made  some  remarks  on  Turbine  wheels  .nt 
Fairmnunt.  Mr.  Hanlen  read  a  pajwr  on  **Schmitt's  Revolving 
Srccn,''  and  exhii)ited  diagrams  ot'  the  same.  VruW  llaupt  n^a*! 
a  paper   ijutblished   in    Knf/utfcrinr/  AV/rx),    on    the    "  L2arly   History 
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r  the  >xlii«itiitii  oi"  En*;isKXTs/'  Mr,  Young  made  some  reiiuirkw 
pm  ft  citruimrisoii  of  old  aiitl  new  maps.  Mr  Henng  reiid 
iie  !K*t  H'tatino^  tu  the  MWisssiippi  river  improvements  as  finally 
rtiendnL  He  uLso  exhibital  mtxlel^  of  lioLise  dmin  ami  sewer  eon- 
i-iHioits,  and  dt^Til>t*iI  the  «ime*     A  fonnida  for  tlie  flow  of  water  in 

fieij  c  hum  td  s  ^  d  h  1  m  ■♦.-d  J  Vi  nn  K  ii  tt  e  r 'h  i\  i  r  i  n  u  I  a,  wis  d  Im^nt^setl  1  ly  Messrs , 
erioj;  mid  Diirmelu     Tht'  Seeretary  it^d  an  extraet  from  a  letter 
njiii  Mr*  Billin,  dt^scnnbiiiji:  luo  antneiit  bridges  over  the  Khoiie, 

JuxK  Tdi,  187H. — A  ii?gulai*  meeting  was  held,  Mr,  Stanffer  in  the 
liair;  lU  mendiors  and  2  visitoi*s  prt^ent*     Mr.  Hering  rejid  a  com- 
ninimtujn  from   ]VIi\  John    Bogurt^  SeiTetary  Amerlmn  Hix-iety  oi' 
?xvil  EnginKi^v^  invithig  t hi*  CI nh  tu  attend  ihe  Eleventh  Annual  Con- 
imtktu  uf  tJje  Sueiety,  to  Ik*  lieUl  hi  Cleveland  Jnne   ITth,     LJ]*on 
lotioti  the  invitation  wa^^  actH*j>ted  with  tliunks.     Mr.  Hering  read  a 
tter  relating  to  the  Tide* water   PijK'    IJne,     Mr,  Jos,  S,  Paxpinj 
^t^ot^^e^nl  l>y  Mr*  Hanlen,  ri^ad  u  lja[ier  i>n  the  Harris<jn  Cur  Axle, 
I  H  nH«lel  i»f  the  siune,     >In  (rc^rnuin,  introdneed  by  Mr. 
\i\Un\  a  iniKlel  of  an  mitomuti(*  valve  for  proventing  the 
of  iotil  air  from  ^ewern^     Mr.  Cheniann  read  a  payver  ajMin  the 
ow  of  wiiter  nnder  (>re*ksnre,     Mr.  Mnrphy  re^id  an    iteni   on  the 
y<IrogRt|ihie  Survey  of  the  DehiwaiT* 

Seitkmiier  6tli,    1879* — A   Ki>e<?Ial  meeting  wa*i  held,  it^  objeet 
'ing  **to  nominate  t^indi<late8  for  meml>ership  for  election  on  Octobtn* 

III,  and  for  the  tmnsiietion  <if  any  Ijusiness  which  might  be  brought 

lefore  it." 
Seventeen  inetnljeri?  weni  present,  and  Prof,  Haupt  wa^  trilled  to 
le  chair-     Aller  routine  liasiness,  there  was  a  general  discua^siou  on 

lie  i|U»*stion  asked  Ijy  Mr.  A*  R.  UtilwrT^  wfj ether  iron  V)ndge<s  in 
pandirjg  and  eontrui-tingj  under  changeB  of  tempemture^  nujve  on 
leir  HjIIer*  or  change  their  (^ml)er, 

OcrroBKR  4th,  1879* — A  businesis   meeting  waa  held^  and   in   the 

pj  )f  the  presiding  officers  Mr  Madeim  was  trilled  to  tlie  eliair  ^ 

h  H'T^  prt^^ent.     Mes^r^s.  Cleemaitn  and  WelMer  were  appointed 

\lttvt%.     The   vole  on  adnd.^ion  to  niembeiship  wa^  canvassed,  and 

lie  folkiwing  dechu'^xl  elected  :     Mr>  Ernest  Pontzen  of  Pariw,  as  Cor- 

es[ionding  Menil>er;    MesiWTs,  (Jeo.  C,  Thomas,  Cha.^,  S,  Heller,  John 

aiig,  E.  H,  Wall,  VVm*  Foisyth,  J.  \\^  EtlwardSj  Frank  layman  as 
ictive  mem  hers, 

Mr*  Billin  anmmnt^d  the  preparation  of  eards  of  invitation  to  the 
iKim^  for  pre>«-*ntation  to  thoMe  persons  who,  in  the  jtulgnient  of  the 
?hih,  are  W(*rthy  of  the  f^turti^y* 

Mi^surn,   OaniHij  Min*phy  arid  (Ifemami  f*Oered   a  resolntinn   to 
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amend  Article  XV  of  the  By-laws  by  striking  out  the  woid 
in  the  first  line  and  inserting  the  word  ^' ten" 

Messrs.  Madeira,  C.  Sellers,  Jr.,  and  Billin  offered  a  resolatioil 
amend  the  same  article  by  striking  out  the  word  ^'Jive**  in  tfafrf 
line  and  inserting  the  words  "  seven  and  a  half  J* 

After  considerable  debate,  Messrs.  Ingham,  Young  and  P. 
Jr.,  offered  a  resolution  to  amend  the  same  lutiole  by  striking  o«tL. 
word  *[/ive"  in  the  second  line  and  inserting  the  words  ** seven  and ahdfi% 

Messrs.  Ingham,  Young  and  Murphy  offered  a  resolution  toamni  ] 
Article  III,  »ec.  1,  of  tlie  By-laws  so  as  to  insert  after  the  wordB"li 
wluyni,"  in  the  second  line,  Uie  words  "  in  the  case  of  active  membeai' 

The  Corresponding  Secretary  announced  donations  to  litnuy. 
Prof.  Haupt,  on  behalf  of  the  committee  to  report  on  the  last  amnd 
convention  of  the  American  Society  of  Civil  Engineers,  at  Clevehidi 
made  a  verbal  report,  which  was  accepted  and  the  committee  £h 
charged.    Mr.  Darrach  made  some  remarks  on  the  Simpson 


October  18th,  1879.— A  regular  meeting  was  held,  Mr.  StauAi^ 
Vice-President,  in  the  chair;  20  meml)ers  and  2  visitors  present  llr. 
Herine  described  the  manufacture  of  Portland  Cement,  as  practiafid  it 
&ylors  works,  near  Allcntown,  Pa.  Mr.  Ashburner  read  somenotil 
concerning  the  Eames  Puddling  Process. 

The  Corresiwnding  Secretary  announced  several  papers  reoarth 
received  from  the  Institution  of  Civil  Engineers  of  I^ndoBi  aad 
announced  that  in  their  last  number  of  "  Abstracts  "  they  had  lepab- 
lished  Mr.  Cleeniann's  i)ai)er,  No.  XIV,  from  tlie  Proceedings  of  flie 
Club.  He  also  announced  the  receipt  of  valuable  plates  and  publidr 
tions  from  the  Society  of  Engineers  and  A  rchitects  of  Sjixony.  Mr.  H«^ 
ing  exhibited  a  full  set  of  plans  of  work  on  the  contemplated  improve- 
ment in  the  sewerage  of  Boston.  Messrs.  Darrach,  Hcring  and  Clee- 
mann  discuased  the  subject  of  Water- Way  for  Culverts. 

November  1st,  1879. — A  regular  meeting  was  held,  Mr.  Staufifer, 
Vice-President,  in  the  chair;  15  members  and  2  visitors  present 
Prof.  Haupt  read  a  paper,  being  a  "  Report  on  the  Geodetic  Survey  in 
Pennsylvania." 

November  15tli,  1879. — A  regular  meeting  was  held,  and,  in  tiie 
absence  of  the  presiding  officers,  Mr.  Murphy  was  called  to  the  chair, 
20  members  and  3  visitors  present.  Mr.  P.  Roberts,  Jr.,  read  a  paper 
"  On  a  Recent  Legal  Decision  "  in  the  case  between  the  Edgemoor 
Iron  Company  and  Atkins  Bros. 

On  motion  of  Mr.  Billin,  a  committee  was  appointed  to  report  to 
the  Club  as  to  what  action  is  being  taken  toward  the  appointment,  by 
the  government,  of  a  Commission  on  Tests  of  American -Iron  and  Steel, 
and  to  communicate  with  ihv  American  Society  of  Civil  Engineers  on 
this  subject. 


ll'hila.lamKo.-IJ 
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note  from  Pnif,  Marks  in  rc^ply  to  Mr,  Christie's  article  *'*  On  the 
inet*tiiipj  Rod'*  ^  wus  rfiul,  ami  geiienil  discussion  followed,  Mr* 
Bill  in  reiul  notes  on  the  *^  Pre;servation  of  Timber/'  and  a  letter  from 
Mr,  Andre wsj  of  New  York,  ujion  the  same  eubjeet.  Mr,  Ashbunier 
maile  some  further  remarks  on  the  Eames  Puddling  Process.  Messrs. 
Darraeh,  JItirinfr  and  Cleeinann  continuetl  di!?cii88ion  on  Water- Way 
for  ('ulvertjs.  Mr,  Codinau  reaJ  some  notes  on  the  Butler  Mine  Fire 
Cut-off,  and  a  letter  from  Mn  C.  T.  Conrad  on  the  subject 


Of  the  Board  of  DiUEcrioM, 

May  17th,  1870.— A  stated  meeting  was  held  and  some  routine 
busuie^  trani?acfcetl. 


July  11th,  1879. — A  qiecial  meeting  was  held^  finaneial  business 
transieted  and  a  special  meeting  of  the  Club  orderetl  to  be  ealled  for 
Sept.  Gtb,  1879, 

Auau!>T  22d,  1879* — A  &|K}cial  meeting  %vas  held  to  det^ide  upon 
rooms  for  the  future  use  of  the  Club.  Mr,  Billin  was  authorijsed  to 
fiecnre  and  furnish  suitable  rooms. 

SEKrEMBER  20tJi,  1879- — A  stated  meeting  wa.s  held.    Nominations 

for  nicml>en?lii|>  were  examined  and  routine  ousines.^  trunsact^^d.  The 
Corre^iniiiding  Secretary  w^as  instrmtul  to  thank  Mr,  Clias*  A.  Young 
for  his  valuable  asHistiince  in  sui>erin tending  tlie  reraov^al  of  Club 
property  from  the  old  to  the  new  rooms;  also  to  thank  Mrs.  Ja^ph 
Harrison  for  her  liljeral  donation  to  the  Library. 

Ujwn  raotioUj  tht?  Publication  C<Hiiniitt<ie  were  aiithoriaserl  to  ropy- 
right  all  future  j)u})limtions  of  the^  Club.  The  Correal  ion  ding  SeciT- 
tary  w^us  authorized  to  obtain  {'iirtls  of  invitation,  and  issue  the  mai^ 
only  to  such  person.^  a.^  tJie  Boaril  may  approve. 

OcTonER  18th,  1879.— A  stated  meeting  was  held  and  routine 
business  trant^icted.  Tlie  Corref^pontling  SctTetary  wajn  in^trn^ted  to 
extend  to  the  offic?ei's  and  memlien^  of  the  American  Soeicty  *\{'  Civil 
Engineers  an  invitati(*n  to  attend  the  meetings  of  the  Clnh^  anil  to 
avail  themaelv^  of  the  privileges  of  tlie  Club  rooms. 

November  loth,  1879, — A  stateil  meeting  was  held  and  routine 
busineiw  tninsaeted.  A  few  purchases  w^ere  authorizeil,  inid  sundry 
bills  ordered  Uy  Im?  paid- 

'8i^*  |ip  l.jH,  vt»K  3. 
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OonirUnsUons  to  ike  Library.  [l^ioou  ] 


CONTRIBUTIONS  TO  THE  LIBRAEY. 


Froin  the  INSTITUTION  of  CIVIL  EN0INKSB8. 

Ma.  Jamm  Furkut,  8ec*y,  Lonilon. 
Clark— The  St.  Gothard  TunoeL 
Hag— A  Search  Ibr  tlie  Uptimnm  Syitem  of  Wheel 
Teeth. 

Hlfgin — Experiments  on  the  Filtration  of  Water. 

Byrne— Irrigatlun  iu  Ceylon. 

Browne— Technical  Beporti  on  the  German  Bail- 
way  Union. 

McAlpine— The  Foundations  of  the  New  Capitol  at 
Albany,  New  York. 

Price— Movable  Bridges. 

DoaghMH- The  Electric  Light  Applied  to  Light- 
house llluniiuatlDn. 

(!hanoe — Dioptric  Apparatus  in  LighthouMs  fhr 
the  Electric  Ught. 

Bieacon— Street  Ouriageway  PaTements. 

llowarth— Wood  as  a  Fliving  Material  Under 
Heavy  Trafllc. 

Grifflth— Improvement  of  the  Bar  of  Dublin  Har- 
bor by  Artificial  Scour. 

Blan4y— Dock  Gates. 

Mlllar-Streugth  and  Elasticity  of  Materials. 

Gamlard- Bridges  Erected  in  Hwitieriaud. 

Sutcliffe— Description  of  Machlneiy  for  the  Pro- 
duction aiMl  Transmission  of  Motion  in  the 
Large  Faciorie*  of  Lancashire. 

Abstracts  of  Papers  in  Foreign  Tntnsactions  and 
Periodicals.    Vol.  LVII,  parts  111  and  IV. 

Buckley— Keeping  Irrigation  Canals  Clear  of  Silt. 

Kinahan— The  Traveling  of  Sea  Beaches. 

Stoney— A  New  Balance  Bridge  over  the  Boyal 
Canal  at  Dublin. 

St.  George — Tlie  Street  and  F<M.»tway  PaveiiiontM  <»f 
Montreal,  Caiiivla. 

Slii'lfoni— A  (imphir  M«m1o  of  AM-ortiiiniiiK:  tin- 
Flow  of  a  Mill  Strt-fliii. 

Fruni  MKS.  JaSKPII   1IAUKLS()N,  tliioiiKb  Mr. 

TiiAiiDi:v8  N0RRI8,  M(>uilx'r  of  tbi?  (  Iiili: 
Journal  uf  the  Franklin  luKtitiite :  :il  voln.— 1820- 

1841   18fi(V-lH02. 
The  Civil  liujcineor:  14  voIm.— IKn-lMTil. 
Burgh — CoiKleuMitioii  of  Steaiii. 
Burgh— Link  Motion  and  Kxpaiwion  Gvhv. 
II niton's  MatheniaticH.    2  voIh. 
Easton — Street  Kail  way  h. 
Macgregor— Tho  I*roKn»8«  <*f  AnifricM.    2  voIh. 
Maltc  Brun  nml  Hiilbi— System  of  (iiHigrHpli.v 
Percy— Metallurgy  of  In»n  an«l  Steel, 
liculcy— Iron  Manufacturers*  (juidc. 
Tajior^Statli»tI<*«  of  <V«al. 
The  Enginwr:  17  voK— 18r»G-lHr>4. 
Kncycloptedia  DrittanicA:  2()  voki. 
<)ddy— Kuroixmu  Coninicrcc,  1805. 
Beport  of  the  SuiitliMinian  InHtitution,  1K70. 
Weisbach— MethanirH  of   Kngineering.       Vols.    I 

and  2. 
Bogers— ln>u  Metallurgy. 
Beid — Ventilation  in  American  Dwollinpit. 
Falrlmirn — Conway  and  Menal  Tubular  Uridgm. 
HsrriHon— The  Lui:oniotive  and  Stcnm  Doilor    (2 

copiee). 
MalthuH— Political  Economy. 
Binns— Orthographic  Projection. 
Parsons— Laws  of  Business 
Colburn— IxKM>niotive  Engineering  and  the  Mecli- 

animt  of  Kallways.    2  vols.,  Text  ainl  Plates. 
Clark — Kailway    Mai'binery.     2    vols.,    text   and 

platen. 


Tradgold— 

Vol.1.    Locomotlv*] 

Vols.  II  and  in.    MuImI 

Vol.  nr.    8tationai7  SnglBM. 
Colburn  and  Uolley— Pennuiait  Wajof  !■ 

Ballwayi. 
Punch:  Vols.  I  and  H. 
Isherwood— KxperlnMital    Ba—utliei  li  Am 

Engineenng. 
Bsrorts^Oade^Ua  BOMd  or  Trader IM^rn 
Niies*  WedKly  Beglatvr.   Mai«ii9to  AgtflVMi 
r.S.CoastSnnrqr.    1S65  to  1899^  iftd^tt.      ' 
"*    Piatent  Office  Bcnxnrta.    1843,  umr,  iMfVtMk 

1802, 1863, 1864;  1866. 
•*    Land  Office  Beport.    1866. 
**    Commerce  and  Navigatlott.    1868L 
Transactions  American  InstitataL    1806. 
Lovering-^EIamenta  of  Electricttr  lad  Dymaia 

1842. 
Wentworth*s  Iron  and  Metal  TndM.   tno. 
Carpenter— Animal  Phydology. 
Census  of  Great  Britain.    ISlI. 
Wilson— Bnsrian  Amur  and  Oui  _ 
Bzploratiom  for  a  BaUnMid  Roata  thm 


MlIZ 


sippi  Biver  to  the  Paelflc  OcaaiL 

n.  III,  IV,  V,  VI,  VII,  vin,ix,: 

I  (Supplement). 
Siebert's  Statistical  Annals  of  the  UUM 1 

1818. 
United  States  Census.    18Aa 

**  Naval  and  ArtroDomlcal  1 

18M. 

Bourne— The  Screw  Prrvpeller.    I8AS. 
Hoflge— The  Kx]mnirive  Steam  Engine.    1841.       ' 
Practical    Mechanic's   Journal.      April,  1848,  to 

Marrb,  1851. 
TranmctiouH  Inst,  of  Civil   Engineers.     VoL  H, 

18:i8  (London). 
Unitml  States  Report  on  R<'rpnuei».    1866. 
Fairbairn— Cast  and  Wrought  In»n.     IHM. 
Downing — Cottage  Bcsidencos. 
fniurt4)n-T1in  Riiilnmd  Hook  of  England.    1867. 
lieiMtrt  rolativo  to  Kxtortionate  KaUroad  ChariM- 

Pennsylvania  Senate,  1868. 
Fourth    Annual    Report    IVnuHylvania   BaHrBad. 

I8.V1. 
Rcitort  in  Equity.     Winans  vs.  Eastern  Balirosd 

Conqiany.    2  voIh. 
IlluHtmtnd  CaUilopuc  Baldwin  Iv«»roniotlve  Worto. 
('ampin— Practii'e  of  Hand  Turning. 
Williams— C<»nil)Ut«tion  of  Coal  and  Prevention  of 

Smoko. 
\icliolmin  and  ItowU>tlmm— Algebra. 
Rot>inw>n— i'alifiirnia  and  It^  (ioM  Regions.    18M 
Pen lijy— System  «if  Water  Tolor  I'ainting. 
Kx|)erinientfi  on  Turl»inc»«. 
MarkliMm— lioilcr  KxploHioni*. 
Johnstm — Strani  Gonnrstory 
Burgh — Practical  Tn'atifW  on  Bttilprs. 
Mc(  'nlliM-h — Dictionary-  and  <  Vtuimen-ial  Navigatkia. 
.\rn)W8n»ltirH  Map  fif  .\ni(>rira.    1822. 
Davies'  Map  <»f  liondon. 
Ma])  of  Portngnl.    17»). 

•♦      Spain.    17Ut». 
Rninel— DoM'ription  ami  Plan  of  **  Great  Bssteni  "* 
Mitchell's  3fap  of  Texiu*,  (Oregon  and  Cnlffnrais. 

1H46 
King'H  Railway  Manual.    IMX. 
Rnwl)Otbani — lAn<lscai>e  I'Hinting. 
Smitb'H  Map  of  Kun>|te.     Ih4:(. 


■1.     lMi». 
iAiftil^lnllntJi  '-.      KfiJt*. 

i<  itittuii  KLfjiriiMM'<rVng. 

-in- 'II   Ami    rfiJrnimJ 

,   3Tlntnff. 


iUtit— i.m  loo*    V 

\ti|.tUji;n*Jii 

WmkluB  i'iii-pborir  rig-tnin, 
XM^rlupfr^OMp  cit  f}«>i^nntiiiii|!:  j^tUkK  Ii<itij«)ti 


rvtribiUioiiM  to  the  hihrnrif. 


t  hi 

W*jir  i>f  will  Jnm  K4II, 

i  tliNM*  U/xnrNi*  At  r^jflrti 

>i  lit  r*i»l  iiiit4  fVk*. 
jii*  iu  i'<jiK'i'ii(mlk*ii 


I  IV^^«Unjp»  of  ri.  Mry'Uiitf. 


.    ti,..'    I*,.  I, I  I.     It,  nl..t-K|J]*)l|j, 

.     .  . .;«,.,  IMTM,   tn 

nil  ilii*  W4|i>ir  2lii|i|ii/Hf  rtii%li[nnc<<,    <kql^, 

IBi-rf.     I^w  ,,  l«7iH. 

[««rt  ijf  thn  f'ltjir  Kiij|{|fiiM*r  of  VnivtiliMli'iV. 

.-«it  wii    iJw'    ^w*T»4EP   fif  iVnrti'Jr'iik'i'. 

■  IM.  ui.iiiiprtrf»tU*iM'lul>: 
,.  at  Witwt  Mfiuihn 
»  iitf  In  thft  nhruUtl'  Oiiiti*^ 


wil^i  HiiLiimt*>4|  1^1  III  ^ii|M<rli,eatwJ  Ktiniiii. 
(!,  F,  IHxi^HI— rtlltiilor  t'4»tiiNrii«tlit!i), 
Ffi.tii  tbp  DUPAHTMOT  i>F  THK   IKTlSUIUll. 

W4i«htirj£t->n.  ft,  t\: 
A 11  ri  I  ml  Kf'iHjrt  <if  Dr.  F.  V.  Ilay<bn.    INT^L 
rnw«U— Atiit  fjim*^  nr  Atiirrif'*, 
HiiUeiiiw.     Vol,  J  V,  Xti,  4.     \r,|.  V,  X.«,,  |  *|,4  2, 
VVtni   iUm  AMKllH^AN   .S<  K-IKTY  nf  CIVIL  UN. 
*UXEEB.^.  \o*^  York. 

TmimirilriiiN,    ,riirn?»  Jnlji  „  Augiint,  $p|itPiuWr  %tA 

Mil-  I*.  K  KvBu*Rity,  S«>: 
I  ^mJ.  TmamKlli'tiPf.    ISTS. 

KiMiii  iiu^  sdirrKTi:  .r^  TvriKNlKt^m  crvtL, 

l*iitii!i: 
4  vi»l*.  M6iii<i)krA  dt  l«  Ajtl^tV}.    JftJiuiinr  SoAncttft, 

IHT^I, 

r  i>  Ml)  SI  rt.  ( '[  I A  H   I .  A  T  f  M  Eft,  i.'.K. 
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Members  are  requested  to  send  to  the  Corresponding  Secretary,  at 
the  Club  rooms,  any  information,  either  original  or  published,  wfaidi 
they  may  have  in  regard  to  the  subjects  of  Narrow  Gauge  Railroads 
and  City  Street  Railways.  Mr.  Ernest  Pontzen,  Corresponding  Mem* 
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cially desirous  to  obtain  information  on  the  above-named  subjects. 

Members  are  requested  to  insert,  in  parenthesis,  the  metric  equiva* 
lentsof  all  weights  and  measures  used  in  papers  read  before  the  Club; 
also,  to  place  a  metric  scale  in  juxtaposition  with  ordinary  scale  upon 
all  drawings  illustrating  ]>apcr8. 
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ANGULAR  PITCH  OF  SQUARE-THREADED  SCREWS. 

By  Wilfred  Lewis,  Member  of  the  Club, 
J^iad  DeQemher  mth,  187U. 

The  efficiency  of  any  metrlmiiistn  18  lueaHuretl  by  the  ratio  of  the 
work  utilize<l  t*)  the  work  expentleth  This  is  alwavi*  an  iinportant 
factor  in  d^terraining  the  excsellentse  of  inaehiueryj  and  it  desterves 
s|3eeial  eonsideration  in  the  case  of  feed  and  Hfting  screws,  which  often 
furoi  essential  elements  of  a  desiga. 

The  gcrew  may  be  used,  in  practice,  either  as  a  means  of  performing 
worfcj  or  for  the  [Hiqiose  of  binding  and  holding  together  various 
[mrts  of  machines  or  structures.  In  the  latter  case  the  tJiread  ib  gen- 
eral ly  V"6haped,  and  its  piteli  and  depth  are  determined  by  a  re*:*og- 
nized  standard.  Here  the  stability  of  eonstructions  demands  a  small 
angnlar  pitch,  to  prc%^ent  tlie  possibility  of  jarring  loose* 

Id  the  former  case  the  square  thread  is  the  common  and  approved 
form,  but  no  special  standard  of  pitch  is  strictly  adhered  to,  and  incli- 
national  ranging  from  5*^  to  30^  arc  often  used. 

The  efficiency  of  a  screw  is  increasetl  by  the  reduction  of  its  tric- 
lional  work^  wlilch  will  fjc  found  to  defiend  upon  the  eoeffieient  of 
friction,  tlie  angnlar  ptt<:h  of  the  tliread,  the  sha[>e  of  the  thrcadj  and 
the  diameter  of  the  supiMjrting  step  or  cellar.  It  is,  therefore,  desira- 
ble in  causes  wliere  the  screw  is  used  to  perform  work^  that  its 
frictiunal  resistance  sliould  lie  I'ctluced  to  a  minimunij  and  it  is  the 
object  of  this  paper  t^:i  investigate  the  relation  between  angular  pitch 
mitl  frictlonal  work,  and  to  derive  a  general  ii»rninla  hy  which  the 
angle  corresponding  to  tlie  least  amount  of  frictional  work  can  be 
determined. 

The  first  step  neccssaiy  toward  the  reduction  of  friction  is  that  the 
thread  shall  l>e  square.     This  seems  to  be  well  imderstood,  and  calls 
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for  no  special  demonstration.  It  will  suffice  to  say  that  the  fridki 
is  proportional  to  the  casec.  of  the  angle  which  the  generatiiigliiierf 
tlie  thread  makes  with  tlie  axis  of  the  screw. 

The  most  common  pitch  for  square  threads  is  double  that  of  T 
threads  for  the  same  diameter,  but  in  the  case  of  feed  and  liffibf 
screws  this  is  sometimes  doubled,  or  even  trebled,  and  it  is  foandto 
be  true  that  the  work  done  in  overcoming^a  given  resistance  or  in  lift- 
ing a  given  weight  is  thereby  lessened. 

The  reason  of  this  is  apparent,  for  in  screws  of  very  fine  pitA  it 
will  he  seen  that  an  undue  amount  of  work  is  performed  by  the  €xc»- 
sive  sliding.  On  the  other  hand,  it  is  also  evident  that  if  too  ooanei 
pitch  be  used  the  power  of  the  screw  will  be  again  lost  in  fricti(Hi. 

It  therefore  becomes  necessary  to  determine  that  point  at  which  the 
least  amount  of  work  will  be  absorbed  by  friction. 

The  angle  at  which  this  takes  place  must  be  a  function  of  the  firie- 
tional  resistances,  for  were  friction  left  out  of  consideration  the  work 
-done  in  raising  a  given  weight  a  given  distance  would  be  constant  a»d 
indej)endent  of  the  pitch  used. 

The  force  necessary  to  slide  a  weight  up  or  down  an  inclined  plane 
is  clearly  demonstrated  in  Weisbach's  Mechanics,  and  a  similar  con- 
struction will  serve  to  determine  the  force  required  to  overcome  the 
resistance  of  a  screw. 

Let  the  right  angled  triangle  ABC  he  the  development  of  a  spiral, 
the  angle  a  being  ec^ual  to  the  angular  pitchy  which  is  the  angle  of  the 
tipiral  to  a  plane  normal  to  the  axis  of  the  screw.  Given  the  weight 
of  the  block  0,  represented  hy  0  W,  to  find  the  magnitude  of  the 
force  parallel  to  AC,  which  will  cause  the  block  to  slide  up  the  incline 
AB.  Sq  is  the  component  of  W  along  AB,  and  Nq  the  normal  com- 
ponent. 

Si  is  the  component  of  P  along  AB,  and  iV,  the  normal. 

Nq  +  jS\  =  IF  cos.  a  +  P  sin.  a,  S^  —  Sq  =  P  cas.  a  —  Wsin.  a 

Let  (f  =  coefficient  of  friction,  then 

P  COS.  a  —  irsin.  a  =  <f  ircos.  a  +  ^  P  sin.  a 
or  P  COS.  a  =  W sin.  a  -\-  (f  (IF cos.  a  -\-  P  sin.  a) 

multiplying  by  cosec.  a 

P  cot.  a  =  W  +  if  ir  cot.  a  -\-  if  P 
whence  P  (cot.  a  —  f )  =  1^  +  ^  U'cot.  a  and 

P  ^  JM^^JTcot^  .^j 

cot.  a  —  (f 
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This  force  P  multiplied  by  the  mean  radius  of  the  screw  will  give 
the  twisting  moment  required  to  raise  a  given  weight  without  step  or 
collar. 

Similarly  it  may  be  shown  that  the  force  required  to  lower  a  given 
weight  may  be  expressed  by  the  equation 

p  _<f  Wcot  a—  W  ^2) 

cot.  «  +  f 

The  moment  required  to  overcome  the  resistance  of  a  step  or  collar 
is  equal  to  ip  W  into  the  mean  distance  of  the  rubbing  surface  from 
the  centre  of  the  screw. 

Let  -R  =  outside  radius  of  collar. 

Let  r  =  inside         "  " 

Then  it  can  readily  be  shown  that  the  mean  radius 

The  same  formula  may  be  used  to  determine  the  mean  radius  of  the 
screw,  but,  inasmuch  as  r  is  seldom  less  than  '8  R,  it  will  in  most 
oases  be  sufficiently  accurate  to  assume  for  the  pitch  diameter  of  the 
screw  the  diameter  at  the  middle  of  the  thread. 

If  d  =  pitch  diameter  of  screw,  and 
2)  =     "  *'        "    step  or  collar, 

then  —  =  11  will  express  the  ratio  of  the  effective  lever  arms  of  col- 
d 

lar  and  thread. 

Tlie  total  force  acting  at  tlie  pitch  line  of  the  screw  required  to  over- 
come all  resistances  will  then  be  expressed  by 

P= Ll -f  ufW,  (4) 

cot.  a  —  tp 

Tlie  work  done  in  raising  a  weight  through  the  distance  BC,  con- 
sidered as  unity,  will  be  expressed  by  the  equation,  P  cot.  a  =  work 
done  = 

jjy     cot.  a+cp  cot.^  a     ,  jjr     .  ,c\ 

W . LZ -\-  n(p  Ir  cot.  a.  (5) 

cot.  q.  —  (p 
By  differentiating  and  equating  to  zero,  the  following  expression  is 
obtiiined  for  the  angle  corresponding  to  the  least  amount  of  frictional 
work, 


cot.  «  =  f  +  ^\^i^^  (6) 
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Thus  when  the  coefficient  of  friction  tod  the  value  of  n  are  kiKyw% 
the  angular  pitch  corresponding  to  the  greatest  efficiency  is  readi^ 
obtained. 

For  example,  let  the  coefficient  of  friction  be  'IS,  and  let  the  screw 
be  supported  upon  a  step  equal  in  diameter  to  the  root  of  the  thread, 
in  which  case  n  will  equal  about  '5. 

Then,  applying  the  formula 

cot.  a  =  -15  +  J^  +  '^225  ^  .^525 
y     1+-5 
a  =  46^  23' 

The  most  efficient  pitch  will  in  general  be  steeper  than  can  be  ctm- 
veniently  made  in  practice,  and  it  is  besides  open  to  the  objections  rf 
necessitating  a  large  increase  in  diameter,  and  of  diminishing  the 
power. 

In  order  to  choose  an  advantageous  pitch,  with  least  sacrifice  rf 
power  or  material,  plates  1  and  2  have  l)een  constructed. 

In  plate  1  abscissae  denote  the  angular  pitch  of  the  thread,  and  in 
plate  2  they  denote  the  long  or  axial  pitch  in  terms  of  the  pitch  diam- 
eter of  the  screw. 

Plate  2  has  been  constructed  by  substituting  the  corresponding  ordi- 
nates  in  plate  1,  and  is  given  as  a  form  more  convenient  for  practical 
use. 

In  these  plates  the  coefficient  of  friction  lias  l)een  assumeil  at  'lo^ 
as  determined  from  experiments  to  be  dcscTibcd. 

Ordinates  from  the  horizontal  line  (ui,  meiisured  to  the  curves  *k 
and  elf,  are  proportional  to  the  force  required  at  pitch  of  screw  to  rai^e 
or  lower  a  given  weight  when  n  =  0. 

Ordinates  are  to  be  measured  from  n,  n\  h",  when  7i  =  -5,  1*5  and 
3,  respectively.  From  which  it  follows  that  the  points  of  intersection 
of  df  with  a,  7i,  n'  and  7i"  give  the  greatest  angle  at  which  the  screw 
will  stand  without  running  down  in  those  particular  cases. 

Ordinates  measured  from  aa  to  gh  and  gk  represent,  resj)ectivelyy 
the  diameters  of  screws  for  equal  torsional  strength  and  for  equal 
angular  deflection. - 

Ordinates  from  BB  to  the  curves  A,  N,  N'  and  ^V  represent  the 
total  work  done  when  n  =  0,  '5,  1*5  and  3. 

BC  =  useful  work  done,  and  ordinates  alH>ve  CC  =  frictional 
work. 

From  plate  1  it  becomes  evident  that  by  the  reduction  of  >i'  to  n,  or 


"vou::yv5.ia7o 
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a  change  from  an  ordinary  collar  to  step  bearing,  that  a  screw  whose 
pitch  was  5°  might  be  increased  to  13°  without  sacrifice  of  power,  and 
with  a  saving  of  '6  of  the  work  consumed  b}-  friction. 

To  find  the  force  required  to  turn  a  V-threaded  screw,  let  j9  = 
angle  which  generating  line  of  thread  makes  with  the  axis,  then  from 
equation  (4) 

r>  Q     W4-<p  irCOt.  a      ,  Tir  /^\ 

P  =  cosec.  p Ljl +  n<p  W.  (7) 

cot.  a  —  f 

In  the  U.  S.  standard  V  thread,  /?  =  60°  and  a  =  2J°  about, 
and  the  value  of  n  for  a  nut  or  bolt  head  =  1'5  nearly. 
Then,  by  substitution  in  the  above  formula, 

\  22-9— -15  ) 

When  friction  is  disregarded  P  should  equal  tan.  a  W=  "0437  W. 
Hence  it  is  evident  that  the  stress  upon  a  standard  V  threaded  bolt 
will  be  only  -^|g7^  or  •!  of  the  stress  calculated  in  disregard  of  fric- 
tion, and  this  has  been  actually  confirmed  by  experiment. 

Similarly  it  may  be  shown  that  the  stress  upon  a  common  square 
threaded  bolt  whose  angular  pitch  =  5°  is  '19  of  that  calculated  in 
disregard  of  friction. 

The  stress  exerted  by  a  given  force  P  will  be  practically  the  same 
in  either  ca.sc,  although  the  square  thread  is  double  the  pitch  of  the  V, 
and  this  is  a  striking  proof  of  the  disadvantage  of  using  very  fine 
pitches. 

Tlie  coefficient  of  friction  "15  was  determined  by  experiments  upon 
the  feed  screw  of  a  36-inch  vertical  drill  at  the  machine  works  of  Wm. 
Sellers  &  Co.  The  essential  featuras  of  the  apparatus  are  shown  in 
Fig- 2. 

The  feed  screw  U)  whicli  the  spindle  is  attached  is  suspended  in  a 
<;ast  iron  nut,  and  is  prevented  from  revolving  with  the  nut  by  links 
at  .4. 

A  cord  wiis  wound  around  tlie  circumference  of  this  nut,  to  which, 
after  passing  over  a  pulley,  weights  were  suspended  at  F.  Weights 
ranging  from  50  to  2000  lbs.  were  suspendeil  at  W,  and  the  force  at 
P  necessary  to  start  the  nut  as  well  as  to  keep  it  in  motion  was  care- 
fully determined  in  each  ca.se. 

It  was  in  general  found  that  the  force  required  to  stiirt  the  nut  was 
about  1*3  times  that  rec^uired  to  keep  it  in  motion,  and  that  the  force 
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required  to  keep  it  in  motion  varied  slightly  with  the  speed,  gromi|^ 
less  as  the  speed  increased. 

But  inasmuch  as  there  was  no  available  means  of  determining  tlie 
rate  of  motion,  the  speed  was  kept  as  slow  as  possible.  Due  allowantt 
was  made  for  the  friction  of  the  pulley  and  the  coefficient  ^  calcolated 
by  substitution  in  equation  (4). 

It  is  sometimes  necessary,  apart  from  the  questions  of  torsional 
strength  and  angular  deflection,  to  know  the  combined  effects  of  toraoo 
and  tension  upon  a  movable  nut  worked  by  the  screw,  in  order  to 
insure  steadiness  of  motion.  In  other  words,  to  find  the  ratio  of  the 
diameters  of  screws  of  various  pitches  in  which  the  total  resilience  dull 
be  constant. 

Thus,  let  it  be  required  to  find  the  diameter  of  any  screw  whose 
total  resilience  shall  be  equal  to  that  of  a  screw  whose  diameter  is  unity 
and  angular  pitch  indefinitely  small. 

The  elastic  extension  of  wrought  iron  under  a  proof  load  of  3O,00Q 
pounds,  is,  according  to  D.  K.  Clark,  about  -0011  times  its  length, 
and  it  can  be  deduced,  from  the  formulae  for  deflection  given  by  the 
same  author,  that  a  load  of  30,000  pounds  applied  at  the  circumfer- 
ence of  a  shaft  of  1  inch  section  will  produce  a  circular  deflection  of 
•0154  times  the  length  of  the  shaft.  It  therefore  follows  that  when 
P  =  TT  the  ratio  of  circular  deflection  to  linear  extension  -will  be 

'0154 

=  14,  and  if  the  linear  extension  be  assumed  at  unity  the  cir- 

•0011  ' 

P 
cular  deflection  will  be  14  times  — ^,  as  calculated  by  equation  (1),  or 

W 

by  14  P  when  W  is  assumed  at  unity,  and  for  the  sake  of  simplicity 

this  assumption  will  be  made  in  all  subsequent  formulae. 

The  resilience  of  extension  is  felt  directly  by  the  movable  nut,  but 

that  of  circular  deflection  must  be  multiplied  by  the  tangent  of  the 

angular  pitch,  to  determine  its  effect  upon  the  steadiness  of  motion. 

Both  vary  inversely  as  the  square  of  the  diameter  of  the  screw  when 

the   resistance   is  constant,    and   hence   the   conditions   necessan"   to 

insure  equal  steadiness  of  motion  in  screws  of  various  pitches,  ha\nng 

the  same  resistance  to  overcome,  are  expressed  by  the  equation 

1  +  14  P  tan.  a  ,     , 

— ■ =  a  constant. 

The  ratio  of  the  diameters  can,  therefore,  be  determined  by  the 
\    equation 


1 
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d=V  1  H-  UPtmua  (8) 

By  substittitlng  the  values  of  tan,  a  the  following  values  of  d  are 
dbtaitiecl : 

When  a  =    0''d=l        When  a  =    5Vf=M3 
*'      a=  10°  d  =  1:35       '*      a  =  20*=^  d  =  I'M 
«      a  =  m''  d=  2  74       "      £t  =  40^  d  =  3-64 
«      a  =  60^  rf  =  5-14       "      a  =  eO'^  fi  =  7-75 
For  stee!  the  ratio  of  cireulur  deflection  to  liiieiir  esteusion  may  be 
ken  at  7,  and  a  curve  similar  to  that  for  wrought  in>n  calculated  by 
the  furniuk 

d  =  VI  4-  7  Ptan,  a  (9) 

Tht)  curve  of  diameters  ibr  uniform  total  resilience  in  wmught  iron 
repre^nted  by  d(,  and  dius  tlie  jjower,  strength,  stifthess,  re&ilienoe 
ind  frictional  work  for  any  pitch  axn  at  once  be  seen. 

Another  curve,  showing  the  coni|mrntivc  stciidini^  of  motion  in 
L5iiewte  of  the  isarae  diameter  Init  of  different   pitches,  might  Ix^  com- 
|Hite«I  by  the  formula  1  4*  14  P  tan.  a  ^^  comijamtive  resilieuee  of 
|6<*rews  of  constant  diameter. 

The  application  of  the  precetllng  principles  to  differential  ;?erews 

boii*8  an  enormous  loss  in  frictional  work  without  the  commonly  sup- 

wl  gsiin  in  |>ower.^     If,  in  Fig.  2^  the  tust  iron   nut  which  revolves 

jpun  its  betiring  shoulil  Ix^  made  to  move  longitudinally,  by  having  a 

hv^idf  whose  pitch  slionld  be  in  the  same  dii'ectlon  as  the  internal 

iinsid;  cut  ujion  its  outer  surface,  then  the  advance  of  the  spindle 

Ititnild  be  measured  by  the  iliflerence  in  axial  pitch  lA'  the  two  screws. 

The   throw  of  the  spindle,  however,  woukl  be  nec*cssiirily  much 

icted  by  such  an  arrangement,  and  the  substitute  is  sometimes 

artcd  to,  of  making  the  screw  and  nut  btJth  revolve  in  the  same 

diredion  by  suitable  gearing* 

In  either  caiie  the  object  of  the  device  is  to  multii)ly  the  power  with- 
loot  reducing  the  size  irf  the  thread  to  that  of  a  corresponding  simple 
T&w  and  nut. 

How  much  the  |x>wer  may  he  multiplied  can  be  determined  from  a 
I  general  Violation  for  mch  case* 
In  ihe  first  case^  let 

'  The  wopj  pow^r  b  used  advLnodly  in  the  a&nae  of  forcje,  and  notliing  more  than 
tbe  i«Jadun  *^  thoiiltl  be  uodet?tood  by  U  in  juiv  part  of  ini»  paper. 
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a  =  diam.  of  external  screw ;        e  =  axial  pitch  of  external 
b=     "  internal     "  /=    "        "        internal    « 

-  =  d  =  ratio  of  diameters;  i=zp  =  ratio  of  pitches; 


a  e 

a  =  angular  pitch  of  external  screw ; 
;9=     "         «  internal     " 

Then  cot  a  =  — -,  and  cot.  ji  =  — —  =  cot.  a  — .= 

The  force  required  at  pitch  line  of  external  screw  to  move  it  againi 
a  resisting  weight  can  be  determined  from  equations  (1)  and  (1), 
and  may  be  expressed  by 

^    I  ^Tra  ifitda ^ 

F=F^P^=——^  ^d-^ (10) 

e  jpe 

and  the  force  required  to  turn  it  in  the  opposite  direction  will  be  givd 
by  the  equation 

ifTca ^  <p  n  d  a  .\. 

F,  =  P,  +  P=-^ +d  -|^ (11) 

+  f  —  ip 

e  pe 

The  direction  in  wliicli  llie  external  screw  should  be  turned  in  order 
to  perform  work  agjiinst  resistance,  depends  upon  the  relative  mi^ni- 
tudes  of  e  and  /. 

When  e>/,  equation  (10)  expresses  tlie  force  required  to  raise  a 
weight,  and  equation  (11)  the  force  required  to  lower  it,  and  rice 
versa. 

For  exam])le,  let  a  =  2  •  6  =  1  •  e  =  '5,  and/  =  -4,  then  d  =  '5 
and  p  =  '8,  and  applying  formula  (10) : 

P  =  -2825,  Pi  =  -0111,  and  consequently  F  =  -2436 

Also  from  formula  (11): 

P^  =  -07,  P  =  -1115,  and  F,  =  -1815 

Here  there  is  actually  less  jwwer  gained  than  could  have  been 
derived  from  the  outside  screw  alone  when  used  without  step  or  collar. 

The  total  work  done  is  given  by  the  fornmla 

jj_F  Tta  ^  '24  X  3-14  X  2  ^  ^^.^ 
e-f  -1 

times  the  useful  work. 
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When  the  screw  and  nut  both  revolve  with  different  angular  veloci- 
ties there  are  three  pairs  of  rubbing  surfaces,  the  step  upon  the  screw, 
the  collar  upon  tlie  nut,  and  tlie  screw  threads  themselves. 
Let  n  =  ratio  of  effective  diameters  of  step  and  screw ; 
"    n}=    "  "  "  nut        " 

"    a  =  angular  pitch  of  screw ; 
"    V  =       "        vel.  " 

"    v'=       "         "  nut. 

Then,  when  r  >  v^  the  force  required  to  turn  the  screw  at  its  pitch 
line  against  a  resistance  can  be  expressed  by  the  equation 

E,       1  +  ^  cot.  a   ,  ,    V  V   1         il  +  ^  oot.  a\  /^  o\ 

F=—J-J: +  n(p  +_fn>— ;_^-I )  (12) 

cot.  a  —  ip  V  \  cot.  a  —  <p  / 

and  when  r^  >  t?,  the  equation  becomes 

TP       1  +  <p  cot.  a    ,      I       ,     V  /             1  +  ^  cot.  a\  /,  o\ 

F=  —LJL +  71^  <p  +  —In  (f  —  — L_I )         (13) 

cot.  a  —  (f  v^\  cot.  a  —  (p  / 

The  force  required  to  lower  a  weight  when  r  >  v^  Ls 

r,        c  cot.  a  —  1    ,  ,     t'V    1  tp  cot.  a  —  1\  /^  .v 

F,  =  1— +  n<p  +  —In'  (f-^ : )  U^) 

cot.  a  -\-  <p  V  \  cOt.  a  -r  (p  / 

and  when  y  ^  >  r  the  equation  becomes 

T-        <f  cot.  «  —  1    ,      ,       ,    V  /  (f  cot.  a  —  1\  /^  «x 

F,  =  5_ +  n'(f  +—An  if  —  I— ■ )  (lo) 

(?ot.  a  -r  (f  r  *  \  cot.  a  -\-  <p  / 

To  take  an  example,  let  ?i  =  -5,  n^  =  1*5,  a  =  5°,  v  =  3,  and 
r^=2,  then  from  equation  (12)  F=-305  The  ratio  of  the  total 
work  consumed  to  the  useful  work  done  can  be  obtiiined  from  this  by 
the  formula 

r=i'^cot.  « !_  (16) 

when  V  >  v  ^,  or  by 

L^=/^cot.«_?_  (17) 

V  '  —  V 

when  v'  >  v,  and  for  the  present  (!a.se  C  =  10*46.  The  same  screw 
working  in  a  fixed  nut  would  give  P  =  -315  and  U  =  SQ,  and 
thas  from  the  above  formula  the  power  and  efficiency  for  either  form 
of  differential  screw  can  be  determined,  and  the  inefficiencv  and 
absurdity  of  any  particular  case  thereby  demonstrated. 
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ON  WATER  GAS  FROM  COAL  AND  PETROLEUM, 

Its  Calorific  Energy  and   Intensity  as  Compared  with 
Siemen's  Gas,  and  Coal. 
By  Herman  Hauit,  C.E.,  Honorary  Member  of  the  Club. 
Head  January  3rf,  1880. 

Is  it  possible  to  mcrease  the  calorific  power  of  coal  by  eonv^vlgi 
into  water  gas  f  This  possibility  is  verj'  generally  denied,  and  the 
reason  assigned  is  that  no  greater  calorific  power  can  be  developed 
in  the  reunion  of  elements  than  was  exerted  in  effecting  their  dissocia- 
tion. 

Conceding  the  trutli  of  this  position,  the  answer  is  simply  that  it 
does  not  in  any  manner  express  the  conditions  of  the  question. . 

Suppose  that  two  elements,  the  union  of  which  is  accompanied  by 
a  certain  degree  of  calorific  energy,  shall  have  been  dissociated  by  an 
application  of  force,  the  energy  of  reunion  of  the  same  elements  may 
not,  and  probably  will  not,  exceed  the  force  exerted  in  the  separation. 

But  suppose  there  is  no  reunion  of  the  same  elements,  but  that  each 
of  the  separate<l  dements  forms  a  new  union  with  two  foreign  elements, 
or  with  two  new  and  different  equivalents  of  a  single  element.  Will 
there  not  be  two  o|)o rations,  each  developing  an  amount  of  energy 
equivalent  to  that  which  would  attend  the  reunion  of  the  two  elements 
originally  dissociated,  and  thus  double  the  calorific  development? 

This  is  precisely  the  condition  of  things  which  exists  in  the  case  of 
water  giis.  Carbon,  at  a  proper  temperature,  decomposes  steam,  with 
formation  of  equal  volumes  of  carbonic  oxide  and  hydrogen,  each  of 
these  volumes  requiring  precisely  the  same  amount  of  oxygen  and 
developing  the  same  number  of  heat  units  in  combustion. 

Now,  it  is  conceded  that  if  the  disscxnated  hydrogen  and  oxygen  are 
reunited,  a  degree  of  calorific  energy  will  be  developed  not  gre:Uer 
than  was  exerted  in  effecting  their  separation ;  but  it  must  be  remem- 
bered that  there  is  another  and  equal  volume  of  combustible  gas,  car- 
bonic oxide,  which  requires  another  equrjl  volume  of  oxygen  supplied 
by  air,  which  costs  nothing,  and  in  the  union  develops  the  same  nam- 
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ber  of  heat  units  as  in  the  combuatiou  of  the  hydrogcu 
the  theoretical  calorific  power,  therefore^  be  double*!  ? 

It  will  be  interesting  to  pui'siie  this  investigjition  further,  and  cam- 
|iare  the  number  of  calorific  unit^  required  to  effect  the  dissociation  of 
water  by  means  of  carbon  with  the  numljer  of  units  dev^oped  by 
reLuiion  or  c^jmbustion  of  the  ]il>erate<l  hydrogeo* 

The  cahnfe  cnergif  eommunkaied  to  1  IL  of  carbon  and  1|  tba,  of 
tca/er  must  be  suiBeicnt 

1st.  To  overcome  the  latent  heat  of  carbon. 

2d,  To  raise  tlie  teraperattire  of  the  carbon  to  2250^, 

3d,  To  raise  1"5  lbs.  of  water  vajxir  to  2250^, 

37i^  latent  hmt  of  t^rbotu  One  pound  of  carbon  uniting  with  two 
equivalents,  2|  pounds,  of  oxygen,  and  burnal  to  carbonic  aciil  ilevel- 
ops  14jt500  units.  One  pound  of  carbon  in  carbonic  oxide,  unitin|f 
with  onei  equivalent^  Ij  lbs.  oxygen,  develops  10,204  units.  The  dif- 
ference is  4290  tinittf  J  which  repi'esents  the  calorific  energy  of  the  union 
of  1  pound  solid  carbon  with  one  equivalent  of  oxygen. 

It  appears,  therefi:)re,  that  one  pound  of  carbon,  in  the  form  of  r/a^, 
limiting  with  one  equivalent  of  oxygen  develops  10,204  units,  but  one 

[>untl  of  solid  carl>on  uniting  wltli  an  equal  quantity  of  oxygen 
develofjcs  only  4290  units* 

The  difference,  5908  units,  is  expended  in  effecting  the  change  of 
condition  and  becomes  latent,  the  latent  heat  of  carbon  being  six  times 
that  of  steam. 

To  raise  one  |>ound  of  mrljon  to  2250^,  the  speinfic  heat  of  carbon 

eing  -24 11,  will  re<iuiro  -241 1  X  2260^  =  640  units.     One  pound  of 

rbon  require?  l^  lbs,  oxygen,  and  1^  lbs.  oxygen  unite  with  *166  lb- 
hydrogen,  and'  the  heat  units  developeil  in  the  combustion  of  one 
pound  hydrogejx,  less  the  latent  lieat  of  steam,  will  be  53,800,  avail* 
able  for  calorific  power. 

1^  lbs.  oxygen  '^  '166  lb.  liydrtjgeu^  1'5  lbs.  water. 

To  c^onvert  li  lbs.  water  into  steam  requires  1449  units. 

To  niise  1|  lbs.  of  steam  to  2250'^  requires  1067  units^  the  siiecifie 
heat  of  steam  being  '474. 

The  sum  of  these  units,  which  expresses  the  calorific  energy  expended 
material,  not  allowing  for  losses  by  radiation,  is 


ujK>n 


i^ing 
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Latent  heat  of  carbon,     . 
To  raise  1  lb.  of  carbon  to  2250®, 
To  convert  1 J  lbs.  water  into  steam, 
To  raise  the  steam  to  2250°,     . 


6908  mull. 
640    « 
1249    « 
1067    « 


Total  calorific  energy  expended,  .     8974    ** 

The  hydrogen  liberated  is  *166  lb.,  and  the  available  units  devdofdl 
in  its  combustion,  after  allowance  for  latent  heat,  are  63,800  X'lMl 
=  8932 ;  so  that  the  energy  of  reunion  is,  as  was  to  have  been  expeolti^  I 
€qual  to  the  calorific  power  expended  in  dissociation. 

But  it  must  be  observed  that  the  hydrogen  does  not  r^uute  iriA  | 
the  oxygen  which  it  had  given  up  to  the  carbon,  but  with  a  new  eqBfr  ! 
alent  of  oxygen  furnished  without  cost  from  the  atmosphere,  and  Ik  | 
•carbonic  oxide  takes  another  equivalent  of  oxygen  from  the  ati 
phere,  and  in  burning  to  carbonic  acid  develops  as  many  additio«l 
units  as  the  hydrogen ;  so  that  the  hydrogen  and  carbonic  oxide  fin 
one  pound  of  carbon  in  water  gas  would  develop  about  18,000  mii^ 
while  under  the  most  favorable  circumstances,  as  in  generating  steM, 
solid  coal  does  not  generally  furnish  more  than  9000  units  per  pooi 

A  simple  illustration  of  the  calorific  power  of  water  gas,  as  catt- 
pared  with  the  hydrogen  and  carbon  of  its  constituents,  can  be  ff^m 
thus :  1  lb.  of  hydrogen  unites  with  8  lbs.  of  oxygen,  formii^  9  lbs. 
water,  and  develops  in  conibnstion  62,200  units. 

By  contact  with  carbon  at  a  proper  temperature  the  8  lbs.  of  oxygen 
unite  with  6  lbs.  of  carbon,  forming  14  lbs.  of  carbonic  oxide,  wliidi 
develops  4443  units  per  lb.,  or  a  total  of  62,200  units. 

The  water  formula  is  HgO  and  carbon  C.  Dissociation  produces 
H,  and  CO.     By  taking  oxygen  from  the  atmosphere  it  becomes 

H2+O,  which  develops  62,200  units, 
and  C.O+O,     "  "  62,200  units. 

And  the  combustion  of  the  two  gases  develops  twice  the  62,200  units 
of  the  original  HjO,  or  124,400  units. 

The  carbon  used  in  the  production  of  the  water  gas  was  6  lbs.,  and 
the  maximum  calorific  energy  of  combustion  of  ciirbon  theoretically 
would  be  14,300  units  per  lb.,  or  85,800  units  for  6  lbs.,  which  is 
greatly  l)elow  the  124,400  units  theoretically  dcveloj>ed  in  the  com- 
bustion of  the  gases. 

For  all  operations  requiring  high  temperature,  the  differences  arc 
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much  greater  in  favor  of  water  gas,  both  as  regards  quantity  and 
intensity  of  calorific  power  utiliised. 

Dr.  Prideaux  has  stated  that  at  very  higli  temperatures,  as  at  the 
welding  heat  of  iron,  only  one  sixty-fourth  of  the  theoretical  calorific 
power  of  the  coal  is  utilized. 

These  remarks  are  applicable  only  to  a  theoretically  pure  water  gas- 
composed  of  equal  volumes  of  hydrogen  and  carbonic  oxide.  Such  a 
gas  cannot  be  produced  practically  in  furnaces  or  cupolas,  which  is  the 
ordinary  mode  of  making  water  gas,  and  for  two  reasons,  viz. : 

1st.  The  introduction  of  air  to  securer  the  combustion  of  the  coal 
necessary  adulterates  the  gas  with  a  large  percentage  of  nitrogen. 

2d.  The  direct  contact  of  steam  with  the  incandescent  coal  where 
there  is  no  external  application  of  heat,  necessarily  reduces  the  temper- 
ature and  causes  the  formation  of  carbonic  acid  instead  of  carbonic 
oxide. 

To  correct  an  erroneous  impression  in  regard  to  the  temperature  at 
which  carbonic  acid  is  formed,  it  is  proper  to  state  that  vapor  of  water 
is  dissociated  by  heat  alone  at  a  temperature  of  about  4500°  Fahren- 
heit, and  carbonic  acid  at  a  temperature  of  about  one-half,  or  2200°. 
Consequently  carbonic  acid  cannot  be  formed,  nor,  if  previously  formed^ 
can  it  continue  to  exist  at  this  temperature.  It  follows,  therefore,  as 
a  necessary  consequence,  from  these  positions,  that  a  pure  water  gas^ 
free  from  nitrogen  and  carbonic  acid,  ctm  only  be  produced  in  close 
retorts,  the  temperature  of  which  must  be  maintained  with  uniformity 
above  2000°,  and  this  last  condition  requires  that  the  gas  itself^  under 
constant  volume  and  pressure,  should  be  used  as  fuel,  which  is,  more- 
over, the  most  economical  arrangement  possible. 

Certain  interesting  facts  in  connection  witli  tlte  dissociation  of  aque- 
ous vai)or  and  the  calorific  power  of  carbon  should  be  noted  in  this 
t»onnection. 

The  calorific  power  of  carbon  is  given  at  14,500  units. 

If  to  this  be  added  the  latent  heat  of  carbon,  5,908     " 


The  sum  is  20,408     " 

which  represents  the  total  theoretical  calorific  power  of  solid  carbon. 

We  have  seen  that  6  lbs.  of  carbon  converted  into  water  gas  devel- 
ops in  combustion  124,400  units,  which  is  20,733  units  per  pound; 
so  that  by  converting  solid  carbon  into  water  gas  tlie  combustion 
develops  the  full  theoretical  power  of  the  fuel,  including  the  6000 
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units  rendered  latent  in  efiecting  the  change  of  condition  from  theflolil  j 
to  the  gaseous  state. 

The  elements  of  water  are  dissociated  by  heat  alone  at  a  tempeniai  j 
of  about  4500^,  but  in  the  presence  of  carbon  the  dissociation  iseflMj 
at  one-half  this  temperature,  and  at  about  the  same  temperature  <v>^ 
bonic  acid  is  dissociated  and  cannot  exist  as  such,  so  that  the  affi 
of  oxygen  and  carbon  accomplished  a  result  which,  without  the  pni*  | 
ence  of  carbon,  would  require  2200^  of  increased  temperature. 

In  this  connection  a  very  interesting  fact  can  be  demonstrated,  iHikk 
is,  that  although  in  the  presence  of  carbon  the  vapor  of  water  isdii- 
sociated  at  a  tem|)eratiu«  only  half  as  intense  as  is  required  by  hfli 
alone,  yet  the  calorific  energy  required  to  effect  the  separation  is  pn- 
cisely  the  same  in  both  cases. 

Dissociation  of  vapor  of  water. 

HjO  is  dissociated  by  heat  alone  at  4500^  F. 

In  contact  with  C  at  about  half  or  2500**. 

One  pound  of  carbon  requires  1^  lbs.  water  to  furnish  oxygen  fiir 
conversion  to  carbonic  oxide.  To  raise  IJ  lbs.  of  water  from  60®  to 
4600°  requires  calorific  units  as  follows  : 

From  60°  to  212°  =  162° ;  162x1  J,  =   228  unite. 

There  become  latent  in  conversion  of  water  into  steam,       1449    '* 
From  212°  to  4500°=  4288°;  siHicific  heat  of  vaiH)r  -474, 

and  -474  X  4288  X  li,  =  3654    « 


Heat  units  reciuired  to  dissociate  1 J  lbs.  HjO  =  5331 

In  contact  with  carbon,  1^  lbs.  water  raised  to  2250°,  by  calcula- 
tion similar  to  the  above,  will  be  found  to  require  3126  units.  And 
the  pound  of  carbon  will  require  to  raise  temperature  to  2250°  (the 
specific  heat  being  -241 1)  2250°  X  241 1  =  543  units. 

To  convert  one  iM)und  solid  carbon  into  gas  (latent  heat),     5908    " 
Add  heat  required  to  raise  water  to  2250°,  3126    " 

9697 

But  one  pound  of  carbon,  in  uniting  with  1 J  pounds  of  oxygen  to 
form  carbonic  oxide,  develops  4300  units,  which  must  be  placed  to 
the  credit  of  the  account,  leaving  5277,  which  is  practically  equal  to 
the  calorific  i>ower  required  to  dissociate  H2O  by  heat  alone,  with 
double  the  tem})erature  as  shown  above. 
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Chmparimn  of  water  gm  mth  Sienien^s  gm. 

If  the  fixygeu  requiretl  for  the  oou version  of  carbon  into  carbonic 
oxifle  be  derived  f Votn  tur  insteiid  of  watm\  the  results  are  widely  dif- 

f  m 

fer<^nt. 

Tbc  carl.ionic  oxide  fmm  the  ^rae  weight  f>f  earljon  willj  of  course, 
be  etjnal  in  volumej  and  will  pos.ses??  the  ssanie  tmlorific  energy  m  in 
water  pL%  but  instead  of  being  re-inforced  by  the  lil>emtetl  hydrogtjn, 
whidi  doubles  its  power^  it  is  diluted  aud  burtlenetl  by  the  released 
nitrogen,  which  robs  it  of  a  large  proportion  of  its  calorific  i>ower,  as 
will  be  showu- 

Oue  iK)und  of  carbon  unites  with  1 J  pounds  of  oxygen,  producing 
2^  pounds  carbonic  oxide,  ami  develops  in  combustion  2^X4300  = 
10,033  unite.  One  and  a  third  pounds  of  oxyf^cn  taken  from  the  air 
liberate  IJ  x  ^^  ^'5  pounds  of  JiitrogcUj  nearly,  and  this  nitrogen, 
aiiding  to  the  weight  of  the  prijducts  of  combustion,  diminislies  largely 
lK)th  the  intensity  of  combitstion  and  the  calorific  power  of  the  gas, 
But  thi^i  statement  is  entirt-ly  tuo  favorable,  and  doe*?  not  fully  exhibit 
the  waste  of  energy  from  tlm  pruductiou  of  Sienien-s  ga.^. 

Siemen*t5  gas  ij^  pro*hictH:l  in  furnaces  to  which  air  is  admitted,  and 
this  air  supplies  the  oxygen  required  for  the  production  of  the  carbonic 
oxide.  It  neces.sai'ily  follows  tliat  there  is  a  loss  of  hmt  by  e9ea|>e 
tlirough  the  flues  of  tiie  furnace  and  by  radiation,  whicli  has  been  esti- 
uiate<l  at  from  25  tt*  50  per  cent.  If  this  loss  be  estimated  at  only  25 
|>er  cent,,  it  will  leave  ITy  per  cent  of  the  fuel  to  be  converted  into  gas* 

In  a  report  of  Dr,  M^iore,  dated  Jan,  22d,  1878,  the  eomjjositiou 
of  Siemen's  gas  is  given  \ 

Nitrogen,  .  .  .  .  0  7140 

Carbonic  acid,  •  ,  ,  •  0'10'>3 

Carbonic  oxide,  .  ,  .  <  0*1762 

Hydrogen,    .....  00055 

Heat  units  utilizc^l,  1)93  per  pound. 

From  each  j)ound  ot*  carbon  deiluct  25  per  cent*  loss,  there  will 
remain  75  per  v^nX,  converte^l  into  gas.  The  percentage  of  carbonic 
acid  is  '1053,  aud  as  each  ixjund  of  carbonic  acitl  contains  27  ]>er  cent, 
of  carbon,  the  carbon  rendered  nsele?is  by  conversion  into  carbonic 
acid  will  be  "1053  x  *27  =  *0284.  The  carbon  contained  in  the  wir- 
boBic  oxide  is  43  per  cent.  Therefore,  1752  X  '43  =  -0753,  The 
enti^  of  carbon  los§t  by  conversion  into  carbonic  acid  ia  •0284  X 
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100  -^  *1037  =  27,  leaving  73  per  cent  of  gaseoas  carbon  capahktf | 
being  utilized. 

Ify  tlien^  25  per  cent,  of  the  carbon  in  the  furnace  be  lost  throq|jk  i 
the  chimney  and  by  radiation^  and  73  per  cent  only  of  the  ramunikr 
is  capable  of  being  utilized  in  gas,  the  proportion  utilized  in  each  ponl  | 
will  be  '55.  Seventeen  and  a  half  pounds  of  carbonic  oxide  in  SiemesV  j 
gas  carries  with  it  82^  lbs.  of  gases  which  are  neither  combustible  i 
supporters  of  combustion ;   therefore  the  '55  of  a  pound  of  caibn 
representing  1*28  lbs.  carbonic  oxide  must  carry  with  it  6  lbs.  of  a»- 


In  the  combustion  of  1*28  pounds  of  carbonic  oxide  '73  pounds  of 
oxygen  are  required,  and  assuming  that  no  more  air  is  supplied  tliiB 
the  exact  amount  which  will' suffice  to  furnisli  the  oxygen,  theqoaitfitf 
of  air  will  be  -73  X  -^^^  =  3*17  pounds. 

It  appears,  therefore,  that  1  pound  of  carbon  in  a  Siemen's  furnace 
will  furnish,  after  deducting  losses,  1*28  pounds  of  carbonic  ozide^ 
carrying  with  it  6  pounds  of  nitrogen  and  carbonic  acid,  and  requirio; 
for  combustion  3*17  pounds  of  air,  making  the  total  weight  of  tk 
products  of  combustion  10*45  pounds. 

If  the  carbonic  oxide  is  to  be  used  for  heating  other  substances  at  t 
temperature  of  2000°,  the  quantity  of  heat  available  for  this  parpoM 
from  1  pound  of  coal  can  be  determined  as  follows :  1  pound  of  ooal 
yields,  after  deducting  losses  as  above  stated,  1  '28  pounds  carbonic  oxide. 
1*28  pounds  carbonic  oxide  devclopes  1*28  X  4300  =  5504  units.  The 
specific  heat  of  the  gases  being  -23  on  an  average,  10*45  X  '23  X  2000^ 
=  4807,  leaving  only  the  difference,  or  G97  units,  available  for  doing 
work  at  the  assumed  temperature  of  2000°. 

Not^vithstanding  the  fact  that  the  theoretical  calorific  power  of  car- 
bon is  14,300  units,  and  that  only  697  units,  or  5  per  cent.,  would 
api)ear  from  these  figures  to  be  utilized  at  a  tenifierature  of  2000°,  the 
use  of  this  gds  is  known  to  be  more  economical  than  the  direct  use  of 
solid  coal  in  metallurgy,  a  fact  which  is  due  to  the  more  advantageous 
application  of  gaseous  fuel. 

Compare  these  results  with  those  produced  from  the  combustion  of 
an  equal  quantity,  1  pound,  of  carbon  converted  into  water  gas.  One 
pound  of  carbon  produces  2J  pounds  of  carbonic  oxide  and  '166  of 
hydrogen. 

The  combustion  of  these  gases  requires  2*666  pounds  of  oxygen, 
furnished  by  11 J  pounds  of  air. 
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The  products  of  combustion  are 

3*66  pounds  of  carbonic  acid,  specific  heat,  "2479 

1.5  pounds  vapor  of  water,  specific  heat,  '4740 

2'85  pounds  nitrogen,  specific  heat,  '2440 

To  raise  these  products  of  combustion  to  a  temperature  of  2000^ 
requires  7539  units.  The  units  developed  by  the  combustion  of  one 
pound  of  carbon  in  water  gas  is 

2-33  pounds  carbonic  oxide  X  4300  =  10,033 

'166  pound  hydrogen,  less  latent  heat  of  steam,     9,000 

19,033 
Deduct  20  per  cent,  required  for  fuel,  3,800 


15,233 


Units  required  to  raise  temperature  of  products 

of  combustion  to  2000''  =  7,539 


Leaves  available  for  work  above  2000°,  7,694 

As  the  nvunber  of  units  of  heat  available  for  work  with  the  Siemen's 
gas  from  one  pound  carbon  at  the  same  temperature,  2000°,  was  697, 
it  appears  that  the  surplus  calorific  power  above  2000°  derived  from 
a  given  weight  of  carbon  converted  into  pure  water  gas,  should  be 
eleven  times  as  great  as  that  of  an  equal  weight  of  coal  in  Sienien's 
gas.  At  higher  temperatures,  as  at  a  welding  heat,  the  differences  will 
l>e  still  greater. 

It  is  this  surplus  calorific  ])ower  above  2000°  that  constitutes  the 
chief  efficacy  of  fuel  where  high  heats  are  required,  and  while  it  is 
impossible  to  secure  a  high  heat  with  a  fuel  of  low  power,  it  is  always 
possible  with  a  fuel  of  high  power,  by  reducing  quantity  in  proportion 
to  work  to  be  done,  to  obtain  any  desired  temperature  below  the  max- 
imum and  >\nthout  waste  by  dilution  with  incombustible  gases. 

Coinparaih'c  Inina^iitlcs  of  Combudion, 

It  is  usual  to  estimate  the  intensity  of  combustion  by  dividing  the 
numlx^r  of  heat  units  developed  j)er  i)ound  of  combustible  by  the  total 
weight  of  the  prod  nets  of  combustion  multiplied  by  their  specific  heat, 
but  Mr.  J.  P.  Gill  has  shown  that  such  computations  are  erroneous 
except  in  cases  where  the  fuel  is  burned  without  doing  any  work. 
Where  work  is  done,  as  in  heating  other  bodies,  the  temperature  is 

17 
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reduced^  as  the  divisor  must  be  increased  by  adding  the  {ffodnotof 
the  weight  of  the  body  heated  into  its  specific  heat. 

The  intensity  of  combustion  of  coal^  Siemen's  gas  and  water  pi 
will  be  compared  in  two  ways ;  first,  by  assuming  that  the  fad  i 
burned  and  no  work  done,  and,  second,  that  the  work  of  one  poond  of 
combustible  is  to  heat  one  pound  of  water  or  its  equivalent,  9  poands 
of  iron,  the  specific  heat  of  iron  being  one-ninth  that  of  water,  neaiif. 

It  will  also  be  assumed  that  solid  carbon  requires  for  complete  coitt- 
bustiou  double  the  quantity  of  air  necessary  to  furnish  the  oxygen  for 
chemical  combination,  while  gaseous  fuel  can  be  consumed  with  veiy 
slight  excess. 

One  pound  of  carbon  requires  2§  pounds  of  oxygen,  which  are  con- 
tained in  11 '6  pounds  of  air  without  excess,  or  23*2  pounds  wilk 
allowance. 

The  specific  heat  of  air  is  '2377,  and  -2377  X  23*2  ==  6-52. 

If  one  pound  of  carbon  develops  14,300  units. 

Then  11522  =  2400^  when  doing  no  work, 
5*52 

and =:  2190°  when  heating  one  pound  of  water. 

1  -f-  5*52 

One  pound  of  Siemen's  gas,  according  to  Prof.  Moore,  develops 
996  units,  and  consists  of  18  per  cent,  carbonic  oxide  and  82  per  cent 
carbonic  acid  and  nitrogen.  '18  carbonic  oxide  requires  '18  Xf  = 
•1  pound  of  oxygen  contained  in  '43  pound  of  air. 

The  weight  of  the  products  of  combustion  will  be  1*43  pounds,  the 
average  specific  heaf23  and  the  product  1*43  X  "23  = -329.  The 
temperature  of  combustion  heating  one  pound  of  water  will  be  996 
-^1 +-329=749°,  and  the  temperature  if  no  work  be  done  996-i-*329 
=3000°. 

Intensity  of  Combustion  of  Water  Gas. 

Water  gas  contains  by  weight  6*66  per  cent,  of  hydrogen  and  93*3 
per  cent,  of  carbonic  oxide.  One  pound  of  hydrogen  requires  eight 
pounds  of  oxygen;  'OGGG  pound  requires  '5228  pound  of  oxygen. 
The  weight  of  the  resulting  vapor  is  '6  pound,  the  specific  heat  "474 
and  the  product  *6  X  '474  =  *2844. 

One  pound  of  carbonic  oxide  requires  for  combustion  ^^  of  a  pound 
of  oxygen ;  *9304  pound  requires  '5334  pound.  The  weight  of  the 
product  will  be  1*4668  pounds.     The  specific  heat  of  carbonic  add  i« 
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•217,  and  1*4668  X  *217  =  '3183.  The  whole  quantity  of  oxygen  in 
combustion  was  1*0662  pounds,  and  the  nitrogen  mbced  with  it  was 
1^0662  X  If  =  3*57  pounds.  The  specific  heat  of  nitrogen  is  -2438, 
aJid  tlie  pniduct  3'57  X  "2438  =^"87,  The  sum  of  these  products, 
-2844  +  '3183  +  -87  =  1-47. 

The  heat  units  developed  in  the  combustion  of  one  pound  of  pure 
water  gas,  afler  deducting  for  the  latent  heat  of  the  steam  produced 
by  the  hydrogen  corabinationSj  is  7645  uniu. 

Then,  if  one  pound  of  gas  is  nsal  to  heat  one  pound  of  water^  the 
temi>eniture  will  be  7645  -^  (1  + 1-47)  =  :U0O^, 

And  if  no  work  is  done,  7645  -^  1*47  =  52 W. 
The  comparative    intensities  of  comlmstionj  therefore^  when  one 
>iind  oi'  t^ombustible  is  employed  to  heat  one  pound  of  water  or  nine 
>unds  of  iron  will  be 

Coal, 2190^ 

SJemcu's  gas,               .             <             .             ,  749° 

Water  gas,             .             <             ,             ,  3100^ 
^Aiid  when  burneil  without  work  the  comparison  stands, 

Coal, 2400^ 

Sienien's  gas,               ....  3000^ 

Water  gaj*,            .             .             ,             .  5200° 

It  is  to  be  observed  that  there  are  no  reliable  instrumental  means  of 
practically  determining  ver\^  high  temi)eratiu'eB,  and  all  the  theoretical 
compntations  are  based  ou  the  hj-jxithesis  that  the  specific  heat  of  bodies 
remains  constant.  It  is  an  established  fact,  Iioweverj  that  s}>ecific  heats 
ore  variable,  and  the  law  of  variation  has  been  determined  only  within 
narrow  limits  and  for  a  few  substances.  The  specific  heat  of  iron  at 
500^  is  different  from  its  specific  heat  below  212'^, 

A  recent  paper  submitted  to  the  Trench  Acatlemy  of  Scient^s  by  M, 
Violle  states  that  the  specific  heat  of  iridium  increases  regularly  with 
the  temperature,  and  gives  1950^C*  of  the  air  thermometer  as  the 
point  of  iiLsion,  The  sjiecific  heat  of  gold  varies  up  to  fiOO"^,  and  theu 
gradually  increases  toward  the  point  of  fusion,  lOSS'^C. 

It  is  probable  that  the  inci-ease  of  specific  heat  with  increase  of  tem- 
perature is  general,  if  not  universal,  with  all  refractory  bodies,  and 
this  fact  tends  to  impair  confidence  in  tlie  method  of  determining  tem- 
peratures by  piunging  a  heated  ball  of  platinum  or  other  sutjstance  in 
water  and  noting  the  rise  of  temperature  which  it  causes.     If  tlie  spe- 
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cific  heat  at  high  temperatures  is  increased,  the  ordinary  oompuiatiQB 
would  give  a  result  in  excess  of  the  true  d^ree,  as  die  specific  heitiK 
a  factor  in  the  divisor. 

Another  interesting  comparison  may  be  given.  Siemen's  gas  dwi- 
ops  996  available  units  per  pound,  and  one  pound  of  cool  prodooei 
five  pounds  of  gas ;  therefore, 

1  lb.  of  carbon  in  Siemen's  gas  furnishes  calorific  power  4980  nniti- 

1  "  "       in  coal  utilized  in  evaporating  water,  9000    " 

1  "  "       in  water  gas  furnishes  16233    ** 

after  deducting  the  gas  required  for  fuel. 

The  above  calorific  power  can  only  be  approximately  utilized  at  knr 
temperature,  and  as  the  temperature  increases  the  difierenoes  aregreadf 
more  in  favor  of  the  fuel  of  highest  power. 

It  must  be  observed  also  that  it  is  only  at  very  low  temperatoia 
that  so  large  a  portion  of  the  calorific  power  of  solid  carbon  as  9000 
units  can  be  utilized.  Witli  exceptionally  perfect  apparatus  and  good 
firing  it  is  claimed  that  12  pounds  of  water  have  been  evaporated  it 
212°  with  one  poimd  of  combustible.  This  gives  over  11,000  units 
out  of  a  theoretical  maximum  of  14,300,  but  in  metallurgy  only  a 
small  percentage  of  this  tlieoretical  power  can  be  utilized. 

From  notes  taken  of  statements  of  prominent  iron  and  steel  manufiM}* 
turers  during  a  recent  visit  to  Pittsburg,  it  appears — 

Puddling  requires  one  pound  of  fine  a)al  to  one  pound  of  iron.  To 
heat  one  pound  of  iron  to  2700° F.  requires  300  units.  The  propor- 
tion of  calorific  power  of  coal  utilized  is  in  this  case  1  to  40,  or  2J  ^ 
cent.  Another  manufacturer  uses  40  bushels  of  coal  to  puddle  one 
ton.  The  proportion  here  is  1  to  oG,  or  less  than  2  per  cent.  In 
heating  iron  for  spike  mill  the  proportion  utilizal  was  1  to  30,  or  over 
3  per  cent.  In  blast  funuice,  heated  to  3600°,  the  proportion  was  1 
to  45,  or  2J  per  cent. 

Xatunil  gas  is  used  at  the  Etna  and  Sligo  works. 

The  president  of  the  gas  line  stiites  that  3500  cu.  ft.  of  gas  are 
e<[uivalent  to  35  bushels  of  coal. 

The  calorilic  units  in  one  eu.  ft.  coal  gas  are  557 

"             "             "                water  gas  arc  427 

"             "             "                natural  gjts  are  500 

"            "            35  bushels  of  coal  35,000,000 

"            "            3500  cu.  ft.  of  natural  gas  1,750,000 
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From  which,  if  the  statement  be  correct,  it  follows  that  a  given  amomit 
of  calorific  power  in  the  form  of  gas  is  twenty  times  as  efficient  in 
heating  iron  as  an  equal  number  of  units  in  solid  coal. 

It  is  claimed  that,  notwithstanding  the  great  waste  in  heating  the 
nitrogen  and  carbonic  acid  of  Siemen's  gas,  that  its  use  saves  two-thirds 
of  the  fuel  as  compared  with  coal  in  steel  works. 

It  follows,  from  these  facts  and  figures,  that  if  water  gas  can  be  pro- 
duced conveniently  and  cheaply  it  would  be  greatly  superior  to  any 
other  combustible,  except  perhaps  natural  gas,  in  all  the  essentials  of 
quantity  and  intensity  of  heat  and  in  economy  of  fuel.  This  result 
has  been  accomplished,  and  the  plan  for  its  utilization  is  of  a  very 
inexpensive  character  as  comi)ared  with  that  which  is  in  general  use. 

Water  gas  manufactured  in  cupolas  and  furnaces  is  now  used  suc- 
cessfully in  Europe  in  metallurgy.  The  defects  of  this  system  have 
already  been  stated.  It  is  simply  impossible  to  obtain  a  uniform 
result  with  varyin^^  conditions ;  the  furnaces  must  be  heated  l)y  the 
admission  of  air,  which  introduces  nitrogen,  and  unless  the  temperature 
iti  high,  carbonic  acid,  instead  of  carbonic  oxide,  will  be  produced. 

Carbonic  acid  being  dissociated  at  2200°  cannot  exist  at  or  above 
that  temperature ;  but  when  stouni  is  admitted  to  a  furnace  it  soon 
extingULshes  the  fire,  and  tests  made  in  1877  by  Dr.  Cresson,  of  Phila- 
delphia, of  numerous  samples  of  so-callcKl  water  gas,  proved  that  there 
was  no  water  gas  in  any  of  them,  the  heat  of  the  furnace  not  having 
been  sufficient  to  decompose  stciun.  Gill's  j)atcnts  cover  the  only  suc- 
cessful apparatus  for  producing  water  gas,  by  decomposing  superheated 
steam  in  retorts  from  which  air  is  excluded  and  maintaining  a  uniform 
temperature  around  the  retorts  sufficient  to  prevent  the  formation  of 
carbonic  acid  by  using  the  water  gas  itself  as  fuel. 

The  most  perfect  system  possible  would  be  to  generate  the  gas  in 
retorts,  using  the  gas  itself  as  fuel  and  supplying  the  carbon  in  fluid 
or  vapor.  Where  pipe  lines  to  the  sciiboard  furnish  cheap  }x?troleuin 
for  fuel,  this  system  can  be  carried  out  in  its  perfection.  With  regular 
feed  of  steam  and  hydrocarbon  vapor,  and  uniform  temperature  from 
a  gas  fire,  the  production  would  be  constant  and  the  comj)osition  inva- 
riable. The  labor  of  the  retort  house  would  be  reduced  to  almost 
nothing ;  the  feed,  when  once  regulated,  would  require  no  changes,  and 
no  purification  of  the  gas  would  be  needed  even  for  illuminating  pur- 
poses. 
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Water  Gas  from  PetroUumy  using  Gaa  as  FueL 

Suppose  crude  petroleum  be  used  instead  of  coal  in  retorts,  vhtt 
will  be  the  result  as  regards  economy  and  character  of  product? 

Sixteen  pounds  carbon  and  24  pounds  of  water  produce  1000  cubic 
feet  of  water  gas. 

If  carbon  is  furnished  by  petroleum,  an  additional  quantity  of 
hydrogen  will  be  liberated. 

The  comj)06ition  of  light  crude  petroleum  from  Pennsylvania  iB, 
carbon  82,  hydrogen  14*8,  oxygen  3*2. 

The  oxygen,  3*2,  would  neutraliae  ^^  =  0-36  of  hydrogen,  and 
leave  14-8  — 0-36  =  14-44  hydrogen. 

The  proportion  of  hydrogen  with  16  pounds  carbon  is  82: 16 ::  4*44 
:2-82  and  2-82x190=536  cubic  feet. 

Sixteen  pounds  carbon  and  24  pounds  water  give 

37-34  lbs.  carbonic  oxide  =  .  .     523  cu.  ft 

2-66  "     hydrogen  =  .  .508 

Add    2-82  hydrogen  liberated  from  petroleum,        •     536 

42-82  lbs.  1567  cu.  ft. 

Hydrogen  by  weight  12-8  per  cent.,  carbonic  oxide  87*2  per  cent. 

"  volume  66-6         "  "  "     33-3        " 

Cubic  feet  per  pound,  .  .  .     36*5 

Specific  gravity,  .  .  .  -364 

If  16  pounds  of  carbon  are  contained  in  1567  cubic  feet  of  gas,  the 
quantity  of  carbon  in  1000  cubic  feet  will  be  10-2,  and  if  82  pounds 
carbon  are  contained  in  100  pounds  of  petroleum,  the  quantity  of 
petroleum  to  furnish  10*2  ix)unds  or  1000  cubic  feet  of  gas  will  be 
12*4  pounds,  and  at  6  J  pounds  to  the  gallon  this  will  be  a  little  less 
than  2  gallons. 

Oil  at  2J  cents  per  gallon  will  be  105  cents  per  barrel,  and  with 
pipe  lines  for  transportation  this  will  be  a  fair  price. 

At  this  price  tlie  petroleum  for  1000  cubic  feet  of  gas  will  cost 
6  cents,  or,  allowing  for  gas  for  fuel,  6 J  cents. 

The  calorific  power  of  this  gas,  allowing  for  latent  heat  of  steam, 

-128  X  53,000=     6,784  units 
872         X    4,320=     3,767 

10,551 


PMlji,1880,Na5.] 


Haupt — Water  Ga§, 


265 


Water  gas  from  coal,  at  4  t'euts  per  1000  cubic  feet,  contains,  after 
deduetiJig  for  latent  heat  of  steam,  Y577  imits,  and  in  proportion  to 
calorific  power  is  equivalent  to  petroleum  gas  at  5|  cents,  so  that  petro- 
leum gas  would  appear  to  be  |  of  a  cent  per  1000  feet  more  expensive^ 
but  considering  the  fact  that  petroleum  can  l)e  fed  continuously  without  ^ 
opening  the  retorts,  that  the  changes  of  temperature  and  production 
of  carbonic  acid  can  be  avoided  or  greatly  lessened,  and  the  higher 
calorific  power  will  also  give  higher  intensity  in  doing  work,  the 
actual  economy  may  be  in  favor  of  petroleum  water  gas  at  $1,05  per 
barrel,  as  compared  with  coid  water  gas  at  $3  per  ton. 

It  has  been  seen  that  12" 4  pounds  petroleum  will  produce  1000 
cubic  feet  of  gas.  After  allo^dng  for  the  oxygen  there  will  be  10' 168 
|>onnds  carbon  and  1"8  hydrogen,  having  a  theoretical  calorific  power 
of  24DJS3  units.  The  1000  cubic  feet  of  gas,  weighing  27*3  pounds, 
at  10,557  units  to  the  pound,  will  develope  288,042  units,  the  addi- 
ional  calorific  power  having  been  contributed  by  the  hydrogen  of  the 
^decomposed  steam. 

Intm^ittf  of  Chmbustion  of  Pefrolaim   Wata'  Gas, 

It  has  been  shown  that  one  pound  of  this  gas  contains  '128  hydro- 
gen and  "872  carbonic  oxide,  *128  pound  hydrogen  recpiires  "128X8 
=1^024  pounds  oxygen,  furnished  by  r024X^i^— 4-4  poimds  air, 
carrying  3"376  pounds  nitrogen. 

The  products  of  this  combustion  iire  l"152  pounds  vapor  of  water, 
cific  heat  *474,  and  3"376  pounds  nitrogen,  specific  heat  -244, 
"872  pound  carbonic  oxide  requires  for  combustion  '872x4^-512 
Dund  oxygen,  contained  in  2'2  pounds  of  air,  carrying  P688  pounds 
nitrogen. 

The  products  of  combustion  multiplied  by  specific  heats  are 
1^152  pounds  water  vapor  X  '474  ^  »       '546 

5*064       '*       nitrogen  X  ^244  =  ,  1*236 

1-384       "       carbonic  acid  X    2164  =  .        299 


7-600  2-081 

One  pound  of  this  gas  developes  10,551  units,  and  if  burned  in  just 

sufficient  air  to  furnish  oxygen,  the  temperature  would  be  |^g||  = 

6070^ 

If  1  pound  of  gas  be  required  to  heat  1  pound  of  wiiter,  or  9  pounds 

iron,  the  temperature  would  then  be  J^^il  ^^  3420*^* 
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Water  Gas  fj-om  Naphtha. 

If  naphtha  be  used  instead  of  jK'troIcuni  the  quantity  of  hy 
will  be  still  further  increased.     The  spLeifie  gnivitv  uf  the  gas  vrilll 
Teduoed  and  also  the  percentage  of  rnL4)uiiic  uxide< 
%      If  a  spirit  be  used  having  a  bailing  point  126^F*,  compisitiflD 
•CnHjg  (old  style),  percentages  71'7 1  curt)on  and  28 '26  liyd 
quantity  of  hydrogen  combined  with  l(i  poiuiU«  carbon  and  libnu 
in  the  formation  of  water  gas  would  be  71^74:16  ::  28-26 1 62 
«-2X  190=1178  cubic  feet. 

The  water  gas  formed  from  the  10  ptjunds  carbon  is  as  prevb 
found 

37'34  pounds  carbonic  oxide^        .  -       623  cu*  ft* 

2-66       "       hydrogen,  .  .  508      " 

6-20      "      hydrogen  from  nuphtlia,  ,     1178       " 


46-2 


2209 


"       gas  = 

Proportion  of  hydrogen  by  weiglit   1 9*2,  eiirl>onia  oxide  80*^ 
"  "  volume  7G  3,         ''  «     23'7 

Cubic  feet  to  one  pound,  _  ,  ,48 

Specific  gravity,     .  .  ,  .  '1ti( 

Calorific  power  per  pound,  less  latent  lieat^  ,  13|70(J  trniM 

Wate)'    Gas   by   the    Lowe,    Stromj    and    atJiter    Fut^am    or  Cmj^*^ 

Proc€Sm'^. 

It  is  impossible  to  give  with  any  accuracy  the  ec^niposition  of  tlife 
gas,  for  the  very  obvious  reason  tliat  it  lias  no  uniform  conipt^itioii. 
Where  steana  is  admitted  to  a  furnace  contain  iug  heated  Cf>al  the  efl^^t 
is  to  reduce  temperature  and  in  a  short  time  to  extinguish  combiwtioD- 
In  no  two  successive  minutes  can  the  product  be  the  same. 

Reference  has  already  been  made  to  the  report  of  Dr.  C.  M.  CreflBon, 
of  Philadelphia,  who  analyzed  samples  of  water  gas,  so  called,  taken 
from  premises  of  consumei's  in  Trenton,  Manayunk  and  Columbia,  W 
which  no  water  gas  was  found  in  any  of  them,  but  Prof.  Moore  gives 
an  analysis  of  a  sami^le  which,  as  it  is  published  in  the  pamphlete 
issued  by  parties  interested  in  the  Lowe  and  Strong  processes,  may  be 
considered  a  favorable  presentation.  This  report  gives  the  analysis  88 
follows : 
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Oxygen,    .....  '0174 

Carbonic  acid,  ....  '0637 

Nitrogen,  ....  '0880 

Carbonic  oxide,  ....  '7097 

Hydrogen,  ....  '0747 

Marsh  gas,       .....  '0465 

Eighty-two  per  cent,  of  these  gases  are  combustible ;  the  balance,  18 
per  cent,  are  not  only  incapable  of  burning  or  of  supporting  combu.s- 
tion,  but  diminish  the  heating  power  of  the  combustible  gases.  The 
hydrogen  is  only  7J  per  cent,  by  weight,  while  in  the  Gill  gas,  from 
naphtlia,  the  proix)rtion  is  19'2  per  cent. 

Even  with  these  drawbacks  the  Strong  water  gas  is  greatly  superior 
in  calorific  *}K)wer  and  intensity  to  the  Sicmen's  gas,  but  the  Gill  water 
gas  is  superior  to  the  Lowe  and  Strong,  and  costs  only  half  as  much 
when  produced  from  anthracite  coal,  or  coke,  and  water  with  the  gas 
Itself  as  fuel. 

Gill  Hydrogen  Gas. 

All  gjises  produced  cither  wholly  or  partially  from  the  decomposi- 
tion of  water  are  called  water  gases,  and  when  coal  or  coke  arc  used  to 
effect  the  decomposition,  the  resulting  gas,  if  pure,  consists  of  equal 
volumes  of  airbonic  oxide  and  of  hydrogen. 

Where  the  carbon  required  to  eflet^t  the  decomposition  of  the  water 
is  supplied  by  na[)htlia  or  petroleum  the  proportion  of  hydrogen  is 
increased  and  the  carbonic  oxide  is  diminished. 

Although  an  eminent  chemist  declared,  in  a  report  made  in  1877, 
*"'  there  in  no  known  jrracflcul  method  of  removing  carbonic  oxide  from 
iUuminaiing  gaSj^  J.  P.  Gill  had,  before  this  time,  discovered  and  pat- 
ented processes  for  removing  the  whole  or  any  portion  of  the  carbonic 
oxide,  and  of  replacing  it  by  an  equal  volume  of  hydrogen,  so  that  the 
resulting  gas  could  be  absolutely  or  commercially  pure  hydrogen,  or 
could  contain  such  portion  of  hydrociirbon  or  carbonic  oxide  as  would 
give  a  proper  specific  gravity  for  use  for  illuminating  purposes,  both 
.specific  gravity  and  candle  power  being  controllable  at  pleasure.  The 
additional  cost  of  removing  the  carbonic  oxide  entirely  is  covered  by 
alxmt  four  cents  j^er  thousand  cubic  feet,  but  entire  removal  for  most 
purposes  is  neither  necessary  nor  desirable. 
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ON  THE  GOTHARD  RAILROAD. 

By  Chas.  B.  Billix^  Member  of  the  Clab, 
Bead  December  20th,  1879. 

The  progress  of  work  upon  this  railroadj  especially  in  the 
tunnel^  is  of  interest  to  all  engineers^  and  it  is  to  be  [>resiimed  tliat  xh 
majority  of  members  of  the  profession  are  acquainted  ivith  the  ptin* 
cipftl  facts  in  regard  to  the  work.  The  societies  of  engineers  of  btk 
England  and  France  have  takeu  much  interest  in  tJie  progr^^of 
work  on  this  railroad,  which  will  be^  %vheu  fiuishec:!,  so  great  a  mon- 
ument to  engineering  skill  and  perseverance.  Several  papers,  of  iimeh 
value  and  interest,  giving  details  of  tlae  work,  have  been  read  before 
the  foreign  societies,  but  as  yet  only  brief  notiot^  have  been  publUhii 
in  this  country. 

The  principal  work  on  the  line  of  the  road  is  the  great  St.  Gotbri 
Tunnel,  and  though  the  notes  which  1  have  gatheretl,  and  wish  w 
embody  in  this  communication  to  you,  refer  principally  to  this  portion 
of  the  work,  there  are  nevertheless  a  few  points,  in  connection  with  llie 
location  and  construction  of  the  remainder  of  tlie  road,  from  which 
valuable  and  interesting  information  may  be  gathered, 

The  project  of  building  a  railroad  over  the  St.  Gothard  was  first 
proposed  about  1845.     Accurate  surveys  for  an  alpine  railroad  yrm 
made  from  1850  to  1860,  and  the  idea  of  a  great  tunnel  between 
Goeschenen  and  Airolo  was  then  first  started  by  Herr  Miiller,  a  Swi» 
engineer.     Further  examinations  of  the  route  were   made  by  bo4 
Italian  and  Swiss  engineers,  and  in  1869  Germany  also  took  an  active 
interest  in  the  project.     Owing  to  the  Franco-Pnissian  war,  a  treaty 
between  these  three  powers,  to  determine  a  basis  upon  which  the  enter^ 
prise  should  be  carried  forward  was  not  concluded  until  1871.    Tb^ 
organization  of  the  St.  Gothard  Railroad  Company  was  immediately 
carried  out,  and  on  August  7th,  1872,  a  contract  was  made  with  lif 
Favre  for  the  completion  of  the  great  tunnel. 

The  location  of  the  line  between  Briinnen  and  Biasca  involved  man^ 
very  intricate  problems.  A  map^  showing  the  position  of  this  portioJC 
and  giving  some  of  the  details  of  topography  and  location  has  \jte^ 
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preimred  by  reduetion  from  the  beautiful  topogmphi<ml  map  published 
by  the  Swiss  govemmentj  and  very  kindly  presentetl  to  the  Club  by 
Mr.  J-  Raiiifmnniu 

The  tuaneliiig  of  St.  Gothard  is  only  a  i)ortioD  of  the  immei^e  works 
oet?essar>'  for  the  completion  of  this  Swiss-Lorabard  line.  As  far  as 
Briinneii^  on  the  Lake  of  Luzern,  the  diftieultieB  encountered  are  only 
sach  as  are  met  in  ordinary  railway  constructioD,  Beyond  this  pointy 
however,  the  line  is  a  succession  of  works  almost  without  pamlleL  The 
northern  shore  of  the  lake  from  Brtinncn  to  Flueleii  is  bold  and  pre- 
cipitous* The  location  of  the  line  here  was  one  of  extreme  difficulty 
and  necessitated  numerous  viaducts  of  greatest  daring,  windings  where 
the  roadway  is  almost  suspended  over  the  lake,  timtiels  which  even 
after  that  of  St,  Gothard  are  very  considerable,  and  all  in  the  grandest,. 
most  picturesque  situations. 

From  Flueleu  to  CJoesehenen,  at  the  northern  extremity  of  the  great 
tunnel^  the  line  follows  the  narrow  valley  of  the  Reuss.  In  tlie  lower 
portion  of  tliis  valley  the  work  is  comparatively  light,  but  from 
Amsteg  up  to  the  tunnel  the  valley  is  narrow  and  steep,  with  jjrecipi- 
tons  mountain  sides,  and  the  location  of  the  line  was  very  difficult. 
Owing  to  the  fact  that  the  ascent  of  tlie  valley  was  more  raiJid  than 
ootild  be  overcome  by  the  ma:simuni  allowable  grade,  and  tliat  there 
are  no  lateral  valleys  into  which  the  line  could  be  run  to  gain  distance, 
it  Wits  decided  to  exraivate  helicoidal  tunnels  in  the  mountain  sidci?. 
This  Ijetng  the  best  methixl  by  which  the  necessary  distance  could  bo^ 
obtained.  South  of  the  great  tunnel  this  same  plan  has  been  followed 
in  making  the  decent.  Tunnels  Nos<  19,  22  and  26  on  the  Swiss 
side,  and  Nos*  34,  37, 41  and  43  on  the  Italian  side,  are  of  this  natnrCp 
In  tnnnel  No.  34  the  line  crosses  itself  while  in  tlie  mountain,  a^ 
shoN^Ti  on  the  map  (Plate  X),' 

I  regret  exceedingly  my  inability  to  furnish  you  with  a  profile  of 
the  entire  line. 

The  grades  are  naturally  very  heavy,  but  Switzerland  is,  par  exeel^ 
knee,  the  country  of  steep  grades  and  daring  railway  projects.  Among 
these  might  be  mentioned  the  Iligi  Ilailway  ^  that  of  Utliberg,  near 
Zurich,  which  is  o|jerated  by  means  of  the  ordinary  adherence  of  Icx?o- 
motives  with  six  small  coupled  wheels,  and  on  which  the  maximum 
grades  are  7  feet  to  the  100,  with  curves  of  435  feet  radius. 

The  maximum  grade  on  the  St.  Gothard  line  is  2-7  feet  to  100 — 
142*56  feet  to  the  mile — and  the  minimum  radius  of  eurvature  between 

'  See  alio  p*  S4. 
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Amsteg  and  Biasca  is  918  feet.     The  ordinary  minimum  radius  bSM 
feet. 

Tlie  number  of  tunnels  on  the  line  of  the  road,  between  Briinaai 
and  Biasca  is  forty-three.  Their  location  is  shown  on  the  map  (Hite 
X)  by  numbers  corresponding  to  those  in  the  following  list,  whidighw 
the  length  of  each  tuimel : 


Metres. 

Feet.   Ins. 

1  Gatsch, 

108-5 

355-11 

2  Mythenstein, 

32-5 

106-  8 

S  Hochfluh, 

577-5 

1894-  7 

4  Franziskusbach, 

196-0 

642-  8 

■5  Oelberg-Schieffernech, 

19^4-0 

6344-  6 

6  Stutzeck, 

984-5 

3229-  9 

7  Tellsplatte, 

170-0 

568-  0 

8  Axcnberg, 

1115-0 

3657-  3 

9  Sulzocli, 

124-0 

408-  6 

10  Wiiulgalle, 

172-0 

564-  6 

11  Bristlain, 

652-0 

2138-  6 

12  Insclii, 

78-0 

256-  3 

13  Zgraggent, 

55-0 

176-  5 

14  Breiten, 

480 

157-  6 

15  Meitschlingen, 

53-0 

173-10 

16  Mardilisbach, 

34-0 

111-  6 

17  Hiigriger, 

290 

95-  1 

18  Mureii, 

48-0 

157-  6 

19  Pfattsprung  (hclicoidal), 

1487-0 

4877-  0 

20  KucJiberg, 

305-0 

1000-  5 

21  Lower  Entscliigtlial, 

47-0 

154-  2 

22  Wattingen  (liclicoidal), 

1090-0 

3575-  0 

23  Lower  Rolirbach, 

220-0 

721-  7 

24  Middle  Entscliigtlial, 

(11-0 

200-  3 

25  Strahlock, 

38-0 

124-  8 

26  Leggistein  (lielicoidal), 

1095-03 

3591-  6 

27  Maycn-Krcuz, 

77-0 

253-  0 

28  Upper  Entscliigtlial, 

98-0 

321-  3 

29  Rolirbacli-Naxbcrg, 

1563-0 

5126-10 

;30  Gothard, 

12360-5 

48,887-  0 

Carried  forward, 

24,852-53 

89,861-  6 
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Feet.   Ins. 

Brought  forward, 

24,852-53 

89,861-  6 

31  Stalvedro, 

190-0 

623-  0 

32  Dazio, 

347-0 

1138-  3 

33  Artoito, 

71-0 

233-  3 

34  Upper  helicoidal  tunnel, 

near  Dazio, 

1557-0 

5107-  0 

35  Monte  Piottino, 

138-0 

452-  8 

36  Pardorea, 

282-0 

924-  7 

37  Lower  helicoidal  tunnel, 

m 

near  Dazio, 

lo56-0 

5103-  9^ 

38  Boscerina, 

42-0 

138-  0 

39  Polmengo, 

275-0 

902-  5 

40  Tia  Lune, 

441-3 

1416-  8 

41  Piano  Tondo  (helicoidal). 

luol-O 

5087-  3 

42  Tonruiquet, 

72-0 

236-  6 

43  Travi  (helicoidal), 

1494-5 

4901-  9 
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Total,  32,869-33  =  116,156-  8 

This  is  a  total  of  32,869-33  metres  of  tunneling  in  107-360  kilo- 
metres, or  116,156  feet  8  inches  in  66}  miles. 

The  St.  Gothard  Tunnel  is  the  only  portion  of  the  line  which  is  at 
present  being  constructed  for  double  track.  In  building  the  other 
tunnels,  which  must  in  future  be  made  for  two  tracks,  they  use  what 
is  known  its  the  Pressel-Kautfmann  profile.  The  original  cost  of  tun- 
nels c-onstructed  witli  this  profile  is  but  slightly  greater  than  if  ordi- 
nary single  track  profile  were  usal,  while  the  tunnels  can  afterwards 
be  enlargetl  much  more  easily,  at  a  smaller  cost,  and  without  seriously 
interfering  with  traffic  or  the  oj)eration  of  the  road. 

Plate  IX,  Fig.  1,  shows  the  Prcssel-Kauffmann  profile  for  solid  rock. 
The  tunnel  is  the  same  height  as  full-sized  double-tnick  tunnel,  7 
metres  from  base  of  rail,  and  in  enlarging  the  only  work  necessary  is 
to  take  out  the  sides  to  full  profile.  Fig.  2  represents  the  adaptation  of 
this  same  profile  to  loose  nx^k,  the  top  of  the  tunnel  being  arched  with 
full-sized  arch.  When  enlarging,  the  sides  are  taken  out,  and  side 
walls  built  down  to  support  the  arch.  Fig.  3  shows  doul>le  track 
profile,  which  is  used  in  l)ad  rock  or  earth,  and  luis  the  Pressel-Kautf- 
mann profile  dotted  in  to  show  comparison.  The  following  table  gives 
the  quantities  in  the  three  profiles : 
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Areas  of  Ihmnel  SecRons. 

Fig.l. 

Fig.  2. 

I1g.S. 

Sq.  metres. 

8q.ine*ni: 

a|.i»tni. 

Excavation, 

34-150  ■ 

37-866 

60-603 

Clearing, 

31-696 

30-642 

44-280 

Area  of  drain. 

0-076 

0075 

OK)75 

Arching, 

3-809 

3-809 

Abutments, 

6-456 

Masonry  for  drain. 

0-180 

0-180 

0-180 

Flag  covering  of  drain, 

•0-075 

0-075 

0-075 

Dry  back  filling. 

1-050 

2-060 

Ballast, 

2-126 

2-126 

3-675 

Total  masonry. 

0-180 

3-989 

10-445 

The  St.  Gothard  Tunnel. 

The  greater  portion  of  the  tunnel  is  on  a  tangent,  the  direction  bring 
about  176°.  A  section  of  148*0  metres  (486  feet)  at  the  southern  or 
Airolo  end  is  on  a  curve  of  299*8  metres  (984  feet)  radius.  The  length 
of  the  tunnel  on  tangent  is  to  be  14,752  metres  (48,411  feet),  whidi, 
with  the  curved  portion,  makes  a  total  length  of  14,900  metiv 
(48,887  feet).  In  order  to  verify  the  centre  line  of  the  tunnel  with 
great  accuracy  the  tangent  portion  was  extended  for  641  feet  at  the 
Airolo  end  by  what  is  called  an  "  alignment  tunnel.'' 

The  elevation  of  grade  at  the  Goeschenen  end  of  the  tunnel  is 
1109  metres  (3639  feet)  above  tide,  and  at  the  Airolo  end  is  1145 
metres  (3757  feet).  At  Andermatt,  three  kilometres  (1 J  miles)  south 
of  the  Goeschenen  end,  the  elevation  of  the  surface  above  tide  is 
1450  metres  (4756  feet),  and  5*250  kilos  (3^  miles)  further  south  is 
the  highest  point  over  the  line  of  the  tunnel,  the  elevation  being  2900 
metres  (9513  feet).  The  grade  of  the  tunnel  rises  from  the  Groesch- 
enen  end  at  the  rate  of  5*92  per  cent.  (31^^  feet  per  mile)  to  the 
centre,  then  runs  level  for  180  metres  (590  feet),  and  falls  toward 
Airolo  at  the  rate  of  2  per  cent.  (10^^  feet  per  mile)  until  within 
732  metres  (2402  feet)  of  the  southern  portal,  when  it  changes  to  1  per 
cent.  (5^^^  feet  per  mile).  In  the  original  plan  tliis  latter  grade  was 
intended  to  be  used  for  the  southern  portion,  but  it  was  found  expe- 
dient to  increase  it  to  2  per  cent,  in  order  to  thoroughly  drain  the 
tunnel. 

A  section  of  the  finished  tunnel  is  shown  on  Plate  'X.    In  the 
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odginal  design  the  drain  was  situated  under  the  middle  of  the  road- 
way, but  it  was  found  to  be  veiy  much  more  convenient  in  excavation 
ami  arching  to  locate  the  drain  at  the  &ide,  m  shown.  The  whole  length 
of  the  tunnel  will  probably  be  arched,  the  masonn^^  work  varying  in 
thickness  according  to  the  nature  of  the  rock.  Under  good  rock  the 
arch  is  built  of  but  40  cm.  {15|  inches)  thickness;  where  the  rock  is 
loose  or  shaky  70  cm*  (27 J  inches)  is  usually  employed.  At  about 
2830  metres  south  of  the  Goeschenen  end,  where  the  rock  is  calca- 
reous, very  compr^^iible  and  thoroughly  decomposed  and  disintegrated, 
the  arcli  was  built  of  1  metre  thickness.  This  rock  contained  large 
quantities  of  water,  which  flowed  off  at  the  rate  of  180  gallons  per 
minute,  and  made  working  very  difficult.  During  the  early  portion  of 
tliifi  year  the  arch  here  showed  signs  of  failiiig.  Very  heavy  tinilier- 
ing  was  place<^l  under  it,  and  the  arch  was  removed  in  small  sections, 
being  replac^nl  by  nn  arch  1"50  metres  thick  at  the  crown,  and  of  a 
flection  as  shown  in  Fig.  7. 

Compressed  air  m  tlie  only  motive  power  used  in  all  Uie  work  con- 
nected with  the  tmmelj  for  the  perfomtors,  locomotives,  in  the 
Euachine  shops,  etc.  The  air  ooniprea.soi's  are  nil  run  by  water-power 
derived  from  the  Reuss  at  tlie  Goeschetien  cnti,  and  from  the  Tremola 
and  Tessina  at  the  Airolo  end.  The  water-power  of  the  streams  in 
these  mountains  is  almost  beyond  conception ;  for  instiint^c,  the  river 
Reuss  in  fi%*c  miles  abov'e  tlie  tunnel  tumbles  nearly  1700  feet*  A 
reservoir  was  conistructed  in  the  bed  of  the  Reuas,  a  short  distance 
above  Gi^eschenen,  aud  the  ^vater  is  led  from  it  by  a  line  of  iron  pipe 
34  inches  in  diameter  to  the  turbines.  Basins,  for  tlie  filtration  of 
this  water  before  me  In  tlie  turbines,  which  were  at  first  thought  neces- 
sarj%  are  no  longer  emplovetl.  The  hetid  of  water  available  at  this 
end  of  the  tunnel  Is  279  feet,  which  gives  13(>0  horse-power  at  lowest 
water-mark. 

**  On  the  south  aide,  it  was  thought,  at  first,  that  all  the  water  neces- 
for  working  could  ijc  taken  from  the  Treinola,  a  brook  flowing 
from  the  SU  Gothard,  At  an  elevation  of  4544  feet  above  the 
level  of  tlie  sea,  the  water  was  caught  in  a  reservoir,  and  thence  led  to 
the  bed  of  the  Chiesso  Brook  by  a  channel  partly  lined  w4th  masonry, 
partly  with  wofxlj  and  covereth  By  the  bed  of  the  Chi^so,  it  flows  to 
the  filtering  reservoir,  which  is  4331  feet  above  tide.  From  the  latter, 
again  J  a  line  of  aist  iron  pii>e,  24  J  inches  in  diameter  and  2762  teet 
long,  leads  to  the  turbines.    The  available  head  of  water  here  amounts 
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to  541  feet,  tlie  effect  being  440  horse-power.  In  time  it  became 
olivious  that  tlie  amount  of  water  furnished  by  the  Tremola  did  not^ 
under  all  circumstances,  suffice  for  the  engines,  and  that,  esi>ecially  in 
winter,  the  suj)ply  often  stopped  altogether.  The  contractor,  therefore^ 
decided  to  use  the  water  power  of  the  Tessino,  also ;  but,  on  account 
of  the  slight  fall  of  this  river,  he  was  forced  to  catch  the  water  about 
2 J  miles  above  Airolo,  at  an  elevation  of  4121  feet  above  the  level  of 
the  sea,  and  from  thence  to  build  a  canal,  partly  stone  arched  and 
partly  of  wood,  9984  feet  long,  of  6J  square  feet  cross  section,  5  per 
cent,  grade.  Diameter  of  pipe,  2J  feet ;  length  of  line  of  pipe,  2229 
feet;  heiid,  295  feet.     Effect  may  be  more  than  1000  horse-power."  ^ 

The  machinery  used  for  compressing  air,  consisting  of  turbines  and 
pumps,  has  been  fully  described  and  illustrated  in  the  Rapports  Tri- 
mestrid  du  ConMil  Federal  Suisse. 

There  are  two  systems  of  air-compressoi*s,  both  designed  by  ]M. 
Colladon,  of  Geneva,,  and  in  both  which  the  j)rinciple  is  about  the 
same.  The  old-style  batteries  have  three  high-speed  cylinders  (IGJ 
inches  diameter,  25J  inches  stroke,  and  65  strokes  per  minute),  witli  a 
Girard  turbine  of  8*2  feet.  The  air  is  compressed  to  7  atmospheres 
total  pressure. 

Tlie  new-style  batteries,  two  groups  of  which  were  erected  at  each 
end  of  the  tunnel  in  the  summer  of  1876,  comprise:  1st,  a  Girard 
turbine,  of  16  feet  7  inches  diameter,  on  a  horizontal  shaft,  under  a 
clear  head  of  240  feet,  and  yielding  325  horse-power  at  the  shaft,  by 
the  expenditure  of  1016  cubic  feet  of  water  per  minute,  at  a  speed  of 
70  revolutions  j)er  minute;  2d,  two  air-pumps,  each  on  a  mime 
wliich  ctirries  one  end  of  the  turbine  shaft,  the  turbine  being  placed 
between  the  pumps.  The  pumps  are  worked  by  cranks  and  con- 
necting rods  from  the  turbine  shaft.  Each  pump  is  27^  inches 
in  diameter,  with  a  stroke  of  35*4  inches  (34  strokes  per  minute). 
The  air  is  compressed  to  8  atmospheres  of  total  pressure.  Each 
cylinder  is  fitted  with  two  ingress  valves  and  one  egress  valve  at  eacli 
end.  The  valves,  witli  their  cages,  are  of  gun  metal ;  the  screws  for 
fixing  them  are  of  steel.  The  injectors  placed  on  the  cylinders,  for 
pulvci  izing  the  water  are  of  gun  metal :  there  are  four  of  them  to  each 
cylinder.     To  insure  uninterruj)ted  service,  the  friction  surfaces  have 

*  My  notes  in  [regard  to  the  tunnel,  taken  in  June,  1879,  refer  principally  to  work 
at  the  Goeschenen  end.  Above  quotation  is  from  Mr.  Henry  S.  Drinker's  work  on 
Tunneling,  Explosive  Compounds  and  Rock  Drills. 
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Wvn  nuulL'  large  in  uroa,  ami  t\iv  i»il  riipK  viiy  Isirjnjt ;  tlie  instuji  tinU^ 
<M>iHietting  nnh  and  tiitteiv  an.'  nf"  stiol.  The  holding  down  luid  ntlK-r 
lK>lt^  ait!  of  irtm.*  Tlu!  (H>riijirc,s.^ed  tiir  and  tylinders  are  hmjIwI 
by  nieam  of  !=q*et'ial  appliantt^  which  admit  n  eiixndation  of  whl 
wafer  ahtmi  the  t^ylinder,  the  piBlnti  anil  jiiston  rmL  Witli  a  mini* 
muni  pimer  of  325  htii>ie-jK>\vtT  at  tlu*  sljafU  liU*  eiibie  feet  of  et»rn- 
jirejiHCHl  air  bhoidil  lie  pnwlueed  per  miiiuti-. 

Propter ly  spi'iihinj^^  (Ik*  abnve  tlest*ril*i'd  are  iht'  rujn]nv^nrt^  for  the 
|ierftM-iitna-s,  Tiny  ft't'd  into  a  iTsi;rvoir  21U  feet  long  and  Ua  iiieheft 
ia  diameter^  outside  of  tht*  tunnel,  and  into  a  supplementary  reservoir, 
iriJ^ide,  eh>^.'  to  the  workings.  Air  is  ]«!  frtim  the>*e  by  means  of 
wrouj^ht  iron  J>ipi^s  which  diinini.^h  in  size  from  8  jnt^hej?  in  diameter 
at  the  faeiide  ti>  I  inelitj^  in  Uie  lieading  j  the  tuhe.s  fttr  eouueetiug  with 
the  TiiJU'htnt.'*?  an*  2]  inehr.s  in  diameter, 

SiKWal  eorn prfs,soi>i,  deHijdrntHl  hy  MM,  C'olladoii  and  Tnrrettini,  and 
bnJlt  ill  187  I J  InnuMh  air  at  1-1  iitni(*.Hpheivs  total  pixssure  for  the  Iocyj- 
inotive^,  'Vh<}y  do  not  differ  fmm  the  otJier  e^nnpn^ssor^  except  iu  the 
im[inn*einriit  nf  detailK  n^  to  thu  dispiit^itioii  of  the  valves,  in  the 
nfitieLS  of  the  iujeetoi's  wludi  throw  [mlverizud  water  into  the  into- 
rior  of  the  cylinder,  and  in  rediaang  to  n  mininuiin  the  neutral  f^pae<i^ 
ai  the  cxirenHtic^  of  (he  ly Under,  Thty  ejin  r»miiJreH.s  the  air  direetly 
from  I  to  1  1  aim  os|  (here??  wit  In  Hit  the  tem|>erature  hedng  rui^sed  more 
than  15  to  20  chorees,  Jt  is  ul:^>  pfiHfiible,  hy  a  very  simple  armnge- 
meut,  to  ehangt^  these  i-canpivshors  ho  tus  to  work  to  7  cjr  8  atnmspherea, 
and  thiih  augment  larguiy  thu  ^<ippty  ol*  air  tor  lln*  i*erforatoii<. 

There  are  t^[ieeial  large  ri'!H<.'rvt>ii'H  for  thin  air,  one  outside  and  tlie 
otlicr  inside  the  tunnel,  at  a  fljHluiiee  of  7tM}U  feet  from  the  eiitraniT. 
TJie  pipe  used  to  convey  this  air  from  the  eumpressur  to  the  reservoirs 
h  2  to  2 1  iiH^jes  ii|  ilianieler. 

At  the  Goe*Hheiien  eial,  during  187^,  the  aveiiige  preiisniv  of  eom- 
prej^^ni  air  usihI  fi.*r  perftmiling  and  ftn*  the  vrntilntt<^u  of  the  tunnel 
wa?*  6*48  atniosplicre.s  at  I  he  eiitrnnee  of  the  tinmcl,  and  ^j'70  aimoB- 
[ihere^  at  the  front  of  tlie  lieadiug;  llie  pit5R»5Uro  of  air  for  the  looo- 
motiviis  was  11 '57  atmospheres  ahsolnte  ;  the  hns  <if  jiressure  dne  to 
frietion  and  leaLii^e  iu  the  ptpe.s  wa^  smaller  than  in  t'ormcr  vear«, 
the  gain  lic^iug  iliie  Uf  the  use  of  ^niutl  HUpplemeutaty  re^'rvoirs. 

At  the  Air(»lo  end  tlie  avenige  tt^^nsion  of  the  eonipre^sal  air  fc»r  tlie 

*CLtrk  on  "Tlie  St,  (JotlmnI  Timnel,"  MinuicA  of  Pntf^a^hfuf^  IttAL  t,/  (\  E\  vol 
Jvii,  unrJ  lii. 
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{Hsiforatons  and  pumi)6  and  for  ventilation  was  4*70  atmoBplKnii 
at  the  entrance;  3*37  in  die  heading,  8*82  in  the  refiervoir  of 
the  locomotives  at  the  entrance. 

The  quantity  of  air  exhaiiHtod  varies  sensibly  aooording  to 
amount  of  water  which  can  he  obtained  for  the  motors,  it  beii^ 
during  the  months  of  summer  thiui  in  winter. 

The  following  shows  the  variations  in  amounts  of  air  exhaostod 

the  compressors  at  lK)th  ends  of  the  tunnel : 

Goesrhenen.  Airohx 

cii.  in'8.  cti.  n^ 

Daily  average  in  month  of  June,  1878,  138-000 

"          "              «           Nov.      "  68;620 

"          "        during  summer  months,  130-776           181-594 

"          "            "      winter        "  104-650           122-140 

At  Airolo  the  maximum  during  the  month  of  September  waa  207*900 
cu.  m.,  while  the  minimum,  in  the  month  of  November,  was  onl^ 
92*120.  In  this  estimate  60  i>er  cent,  is  taken  as  the  useful  efloetflF 
the  com}>re8Hor8. 

The  air  used  at  the  i>crforators  an<l  other  machinery  in  the  taii«l 
has  proved  entirely  sufficient  for  vontihition,  even  in  winter.  Dotng  • 
tlie  winter  months,  liowevcr,  the  heat  is  much  more  sensible,  owing  tD 
the  smaller  quantity  of  air,  ami  this  is  the  cause  of  a  very  notable£mi* 
nution  in  the  amount  of  work  pcrfoiMiKnl  liy  tho  men.  This  slifwra 
what  a  very  ixn»at  (H'oiioinical  advantau^o  inochanical  [>orforation  and 
fonsc(iuent  <j:(mm1  v(Mitilation  has  jrjvon  in  tho  St.  (lolhard,  as  compared 
with  what  hand  work  would  havo  hci^n. 

At  the  comnuMUMMncnt  of  work  on  iho  tuniu;!  lar^jo  cxhaust<»rs,  bcll- 
.sha[)ed  gii.soniotcM's,  woiv  ])uilt  near  tlio  tuniH^l  onlnina;,  to  oxhaiistthe 
vitiat*>d  air  from  tho  workint!:s  l»y  moans  of  pipes,  Imt  the  air  used  for 
work  in  tho  tunnel  ^ivino^  suHicicnt  viMitilation,  tli(»so  avQ  not  used. 

In  the  finisluMl  portions  of  the  tunnel  the  trans[M>rtati<»n  of  work- 
men, niat<n*ial  and  debris  is  etft^c^ted  by  incnms  ol*  a  small  i*aihvay,  one 
metre  j^aufijo,  on  w^hieh  are  iMuployed  compressed -air  locomotives. 
These  were  built  at  (-n^usot,  and  are  |)rovide(l  with  M.  Mekarski'sbot- 
wator  res(*rvoir  and  with  M.  Itibourt's  automatics  governor,  by  whiA 
steam,  air  or  gas  are  wire  drawn  from  a  higher  pressure  that  may  Iki 
variable,  to  any  (^onstiuit  i>ressure  in  tlu?  (y Under.  The  engine  tf 
placed  on  four  e()uj)led  wheels,  30  inches  in  diametiT  and  4  feet  1  inc" 
apart  l)ctween  the  eentns.     The  (ylin<lers  are  7*88  inelu^  in  diameter, 
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with  a  stroke  of  14  inches.  Beside  an  air  reservoir  on  the  locomotive, 
there  is  carne<l  on  an  eight  wliet*!  trm'k,  hchind  the  engine,  a  ejlin- 
dric-al  reservoir^  5  feet  7  inelics  in  diameter,  iitid  11  feet  8  inches  long^ 
having  a  aipacity  of  about  260  cubic  feet.  This  reservoir  is  chai^^ed 
with  air  at  14  afnioepheres  pressure^  either  at  the  entiiince  of  the  tun- 
nel or  from  the  j^upplementary  reservoir  in  tlie  tunnel.  This  air  is 
TH'ii'e  ilrawn^  so  as  to  give  a  jn^essure  oi*  four  atmosphereis  in  tiia  cylin- 
der^  or  45  pounds  ]>er  square  inch  effective  preesui^e.  The  weiglit  of 
the  engine  is  about  7i  tons. 

During  the  prosecution  of  work  in  the  tunnel^  the  rock  drills^  or 
perfoniting  nmchines  of  Ferrou:^,  Dubois  and  Francoisj  and  McKeau 
have  lieen  employed •  At  present  Ferroux  machines  are  used  exelu- 
aiA'ely  at  the  north  end,  and  tlie  McKean  drill,  as  modified  by  M, 
Seguin  in  1877,  is  used  at  the  south  end*  The  Ferroux  machine  con- 
^iimei^  85  cubic  inches  of  air  per  stroke  of  the  drill  j  its  ^veight  is  a 
little  lesg  than  400  lbs.,  and  cost  about  1500  francs.  The  McXean- 
Segiun  machine  has  a  rod  of  2^  inches  in  diameter^  piston  4  inches  in 
<lianieter  and  stroke  of  4|  inches.  From  45(}  to  480  strokes  per  min- 
ate,  giving  a  penetration  of  six  inches  in  hartl  granite,  can  be  made  when 
working  under  pressure  of  one  atmosphere, 

**  For  mounting  tliese  drills,  carriages  were  constructed  which  move 
forward  on  rollers  and  are  pushes!  up  to  the  point  of  attack  on  tracks 
in  the  tunnel.  Each  carnage  will  (-avry  from  six  to  eight  drills.  For 
every  set  of  rock  drills  there  are  needed^  on  an  average,  one  foreman, 
four  miners,  two  machinistSj  eight  hel|>ers  and  one  boy*  After  a  blast 
has  been  cleared  away  the  carriage  with  the  drills  is  run  up  to  the  face. 
Two  trucks  accompany  them,  one  au'iy'ing  a  tank  of  water  and  the 
oilier  a  number  of  drills.  The  carriage  being  at  the  {Ikhh,  the  drills 
are  brought  into  poidtion  and  the  carriage-wheels  blocked,  Coiiiiec^tion 
k  then  made  with  ruliber  hose  between  the  large  air-pipe  and  a  ^inall 
tank  at  the  back  end  of  the  drill-carriage.  From  tliis  tank  small  rub- 
l>er  hose  leads  to  the  single  drills,  ibe  air  being  turned  on  to  each  by 
cocks;  water  is  injected  into  the  holes  under  pressure  of  conipi-essed 

The  accompanying  table  has  been  prepared  from  the  official  rejxjrt 
for  1878,  = 

*  Pa^  278,  Tunneiintj,  by  H,  S,  Drinker. 

'  Septilme  Eapp&fi  dt  Itt  Direction  el  du  Cof^eil  <^ Adminktraiion  du  ChefnindeFer 
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Average  Monthly  Resvlts  of  Mechanical  Perforaiion  in  the  Hea^ 
during  Ihoelve  Months  ending  December  Slst,  1878 

Elements. 
Average  cross-section  of  heading....sq.  yds.        8-07 

Monthly  advance feet    357*9 

Average  advance  per  day  ' **        12*0 

Maximum  advance  in  one  day "        23'9 

h.     m. 

Time  at  work 707    20 

**     lost 10    45 

**     employed  in  drilling 386    22 

**  **  blasting,clearing  away, 

etc 320    58 

Minutes. 
Average  time  per  machine  to  drill  1  yard....      36*03 

h.    m. 

**  "    in  drilling  for  one  attack 4    43 

'*  ^*    in  blasting  and  clearing  away 

for  one  attack 3    44 

"  **    for  completing  one  attack 8    27 


k>uth  end. 

Tolik. 

7-74 

7« 

336-2 

m\ 

11-45 

2S« 

23-0 

3-9 

h.     m. 
708    04 

h.    B. 
1415  91 

22    83 

33  18 

303    09 

689  11 

404    48 

725  4S 

Minutes. 
42-81 

MiiHte 

m 

h.    m. 
3    60 

L    B. 

4  1$ 

6    38 

5  11 

10    28 

9  S7 

Number  of  attacks  or  positions  of  drill  car- 
riage       86-  83-  ie9- 

Number  of  attacks  or  positions  of  drill  car- 
riage for  10  feet  of  heading 2-44 

Total  number  of  machines  in  service 332-4 

Number  of  machines  per  station  on  car- 
riages         4*0 

'*  **  changed  for  repairs      31*0 

Proportion  per  cent,  of  machines  changed 
for  repairs 10*63 

Average  number  of  holes  per  station 20*759 

Number  of  jumpers  changed 6297*8 

**                   **              **         for  every  ton 
feet  advance  of  heading 181*6 

Number  of  holes  drilled 1780*8 

**               "            **        for  every  10  feet 
advance  of  heading 50*74 

Total  length  of  holes  drilled feet  82f)3*16 

**          "               ♦*          **        for  10  feet  ad- 
vance of  heading feet    214*2  165*3  189'7.> 

'  Ferroux  drill  used  exclusively. 

-  McKeau-Seguiu  drill  usetl  exclusively. 

^The  average  advance  per  day  is  calculated  from  the  time  actually  spent  in  work, 
deduction  being  made  for  lost  time.  At  (iocschenen,  owing  to  time  last  to  permit  of 
giving  points  for  the  axis  of  the  tunnel,  but  28  days  were  made  in  each  May  ana 
December, 


2-63 

2-tt 

406-4 

788-8 

4*47 

4*25 

34-75 

65*7.> 

8*97 

9*8 

15*96 

18.3$ 

4161*04 

10,459-2 

114*6 

148-1 

1388*0 

31()8-» 

40*0 

45-32 

5830*2 

14,123-at> 
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Gflcssclien^n,  Airola. 

Elements.                                     North  end.  South  end.  Total 

Length  of  holes  drilled  per  shin.  ...*..  **      373D5  tm^b^  364  75 

'*     fired            "        .^^.. '*       <?^>7*9  336*6  347 '^5 

**    remaining  unui^ed  per 

*.hlft„ „.,„., ,.   '*        ^  3*0  3-9  3-9 

Average  gross  length  of  tiich  hole, ......   ^  *   .      4'3  4-18  4 '23 

:Eftwtive  length  of  each  hole.... .».,   **          4^13  3*98  4-a5 

Xeiigth  remaining  of  eaeh  hole... ».....»  "            '187  '235  211 

Average  number  of  workmen  l>er  day li?75  1606  2941 

Maximum  number  of  workmen  for  1  day..  1746  2145  3891 

Pre^ureofalrntthefroot    f ^i:ji^;;;-:r  l|f  H  ^1^ 

total  atmo«phere« (Maximum 6-20  5^00  6-20 

-Average  temperature  at   the  front  while 

driDing...... 7oPF.  78'5^F.  7fi*8''F, 

Average  temperature  at  the  front  while 

clearing  away ....  782'F.  84'8°F.  8P5*F. 

The  tunnel  profile^  in  working  is  divided  into  four  principal  jxjr- 
tions.  In  tlie  upper  portion  of  the  profile  is  the  *'  gallery  of  advance- 
ment/'  or  heading  (see  Phite  X,  profile  at  E),  and  the  "battage/'  or 
enlargement  of  heading  and  widening  out  to  full  profile  (Plate  X, 
pDjfile  at  D)* 

All  the  lower  portion  is  ad  led  the  ^^stross^,"  into  w^hich  is  cut  the 
^*  cnaettCj'^  or  lower  heading  (Plat<3  Xj  profile  at  C).  On  the  remain- 
ing portion  of  the  **fitro9ae'^  is  laid  the  traek  which  leads  from  the  gal- 
lery (if  advancement  and  the  workings  of  enlargement.  The  ** eunette " 
is  attacked  from  it^  face  in  two  bcnche,'^,  the  uiateriul  being  transported 
J>v  mil  to  the  tracks  in  the  finished  jwrtion.  In  order  to  make  as 
iiiucli  progress  as  possible,  in  taking  out  the  "cunette/'  it  is  attacked 
mt  ^*vcral  other  point'^  by  \vorking  down  into  this  portion  from  above, 
BS  shown  in  longitudinal  section,  Plate  Xj  at  B,  and  then  pushing 
work  forwaixl  in  three  benehes.  These  benches  are  used  in  handling 
material j  w^hich  is  thrown  liy  hand  froni  one  bencli  to  the  next  above 
it,  and  then  loaded  into  cars  at  the  side  on  top  of  the  remaining  poi- 
tion  of  the  strosse. 

The  present  system  of  tnins[>ortation  was  inaugurated  about  the 
middle  of  1877,  and  ha^  proved  Iiighly  advantageous.  The  passage 
of  material  from  the  upper  j)ortion  to  grade  is  performed  by  means  of  an 
incline,  at  gnide  of  30  p,  e.  Below  and  above  the  incline  are  switches, 
Tivhieh  jx^rmit  the  full  and  empty  wagons  to  pass*  The  full  wagons, 
tinittil  in  a  train,  descend  by  the  incline^  and  soon  after^  the  empties 
lire  jiulled  up  by  horses  and  distributed  among  the  various  workings 
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of  enlargement  and  to  the  heading.  From  the  incline  to  the  point  flf 
discharge,  outside  the  tunnel,  the  transportation  of  the  full  wagoniftj 
performed  in  summer  by  means  of  the  air  locomotives ;  in  the  ^ 
when  there  is  a  limited  quantity  of  compressed  air,  these  lur  < 
run  only  to  the  entrance  of  the  tunnel,  and  from  there  steam  Icoomxh 
tives  haul  the  trains  to  place  for  discharging.  When  water  \ 
winter,  tlie  steam  locomotives  bring  the  empty  wagons  into  the  1 
as  far  as  2000  metres,  but  from  that  point  to  the  foot  of  the  indine 
only  air  locomotives  are  used.  Independent  of  the  quantify  of  air 
which  they  receive  at  the  entrance  of  the  tunnel,  the  locomotives  am 
be  replenished  from  a  reservoir  situated  at  2200  metres,  and  which 
contains  157  cubic  metres,  and  also  at  the  extremity  of  the  pipe  estab*^ 
Ushed  from  the  reservoir  to  the  foot  of  the  incline. 

When  the  '^  cunette ''  is  fully  taken  put  for  a  considerable  di 
an  incline  is  built,  leading  from  it  into  the  upper  portion  of  the  tunn 
The  remaining  portion  of  the  bottom,  under  die  old  track,  is  then  taken  ^ 
out,  and  a  '^cunette''  pushed  along  the  other  side  of  the  tonnd^ 
beyond  the  new  incline.  Formerly  the  "  cunette  "  was  driven  aloDg 
one  side  only,  and  material  from  the  upper  workings  was  dumped  into 
cars  in  the  bottom ;  but,  as  under  the  present  system  it  is  necessary  to 
conserve  one  incline  until  a  second  can  be  opened,  it  results  that  the 
"  cunette,"  or  bottom  heading,  is  established  alternately  along  the  east 
and  west  sides. 

Masonry  work  is  completed  to  keep  pace  with  enlargement.  The 
arch  is  built  before  any  of  the  bottom  is  taken  out ;  afterwards  the 
bottom  is  sc^uared  up,  and  the  foot  walls  are  built  in.  It  is  intended^ 
if  jK)Ssible,  in  some  portions  of  the  tunnel,  under  St.  Gothard  proi)er^ 
where  the  rocks  consist  of  gneiss,  granite  and  schist,  to  leave  the  pro- 
file unarched. 

Work  continues  without  interruption  day  and  night.  The  24  hours 
are  divided  into  three  shifts,  workmen  being  transported  by  rail  from 
the  entrance  to  places  of  working.  The  work  follows  its  course  with 
as  much  quiet  and  as  little  apparent  difficulty  as  the  smallest  work  of 
the  kind — they  have  even  renounced  most  of  the  s[)ecial  precautions 
which  at  first  seemed  necessary  to  so  great  a  work. 

Some  very  interesting  and  useful  information  in  regard  to  the  term* 
of  the  original  contract,  estimated  cost  of  work,  the  advantage  of  sub* 
letting,  etc.,  are  given  by  Mr.  Drinker  in  his  work  on  Tunneling,  pp. 
273  to  284. 
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The  state  of  the  work  at  the  tunnel  on  the  20th  of  June,  1879,  was 
as  follows : 

Gallery  of  Advancement, 

Groeschenen  side,        .  .  .     22,947'3  feet. 

Airolo  "  .  .  20,998-4     " 


Total,            .  .  .     43,945-4     " 

Completed  Tunnel. 

Groeschenen  side,       .  .  .     12,139-7  feet. 

Airolo              "                .  .             13,124-0     " 


Total,  .  .  .     26,263-7     « 

The  total  length  of  the  tunnel  ought  to  be  48,887  feet.  There- 
fore there  only  remains  23,623-3  feet  of  the  gallery  of  advancement  to 
be  pierced  before  the  workmen  can  shake  hands.  It  was  expected  that 
this  portion  would  be  finished  by  February,  1880.  The  enlargement 
of  the  tunnel  to  finished  section  and  the  masonry  work  are  advancing 
rapidly,  and  it  is  hoped  that  the  tunnel  will  be  entirely  completed  in 
two  years. 

The  remainder  of  the  line  cannot  be  finished  for  at  least  five  years. 
M.  Favre  had  proposed  in  the  interim  to  traverse  the  tunnel  with 
trains,  by  means  of  compressed  air  locomotives.  This  would  save 
considerable  time  in  traveling  by  diligence  from  Fluelen  to  Biasca, 
and  would,  moreover,  avoid  the  great  dangers  which  at  certain  seasons 
of  the  year  are  encountered  in  crossing  the  St.  Gothard  pass. 
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ANNUAL  REPORTS. 


I.    Annual  Report  op  the  Treasurer, 

For  the  year  eiiding  January  1  ()</*,  1880. 

Mi\  PresideiU  and  Gentlemen  : 

I  respectfully  submit  the  following  statement  of  the  finances  of  the 
club : 

Receipts,  1879—1880. 

Dues,  1878,  .... 

Dues,  1879,       ..... 

Entrance  fees,         .... 
Subscriptions  to  Proceedings,    . 
Sales  of  Proceedings  to  members. 
Advertisements,  .... 

Treasurer's  receipts  for  year  ending  Jan.  10th,  1880, 
Treasurer's  balance  Jan.  11th,  1879, 
Incidental  receipts. 


Publications : 


Total  receipts. 

Payments,  1879—1880. 

Proceedings  Xos.  1,  2  and  3, 
Constitution  and  By-Laws, 
Memorial  to  Legislature, 


Printing  Circulars,  Notices,  etc.. 

Stationery, 

Bent  of  Rooms, 

Pay  of  JanitresH, 

Furniture, 

Postage, 

Expressage, 

Sundries, 

Total  payments. 
Balance  on  hand. 


$  12  50 

.   367  50 

380  00 
185  00 

, 

172  29 

, 

11  00 

• 

112  00 

. 

$860  29 

, 

23  05 

• 

6  89 

• 

$890  23 

.    $339  79 

21  75 

11  00 

372  54 

. 

:i5  91# 

23  00 

, 

150  00 

14  IK) 

, 

76  84 

74  11 

, 

3  10 

4  20 

. 

§753  78 

136  4.5 

$890  23 
Your  obedient  servant, 

Chas.  E.  Billix,  Treasurer. 


II.    Annual  Report  of  the  Corresponding  Secretary, 
For  the  year  ending  January  lOth^  1880. 

3fr.  President  and  Gentlemen : 

In  the  year  just  past,  which  is  the  second  in  our  history  as  an  organ- 
ization, the  Club  has  taken  several  decided  sto^js  towards  making  itself 
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more  pemianent  and  llS(^fLIlJ  and  better  known  to  the  world  at  large. 
In  ef)ngcguence,  the  Interest  of  the  members  in  the  welfare  of  the  Club 
has  steadily  Uicrejt^,  many  valuable  donations  to  the  librar^^  have 
Wn  received,  and  the  number  of  scienti  fie  peri<xliaib  and  transactions 
of  enjfiiieerin^  societies,  which  are  received  regularljj  ha.s  been  largely 
Med  to.  Everj-thing  would  seem  to  predier  that  the  future  of  tht^ 
^h\)  will  be  continued  activity  and  usefulness  In  the  ]>romotion  of 
«yi,Kri«eering  seience  in  and  about  Philatlclphia. 

One  of  the  important  changers  of  the  year  ha.s  been  moving  into 
'wgt^n  more  attmctive  anil  eonveuiently  hx'ated  rot>m8.     It  is  neces- 
^^i"  that  such  a  club  bb  this  should  piu'tiike  as  inueh  of  a  social  m  of  a 
^tnVtly  professional  nature,  and  it  h  ho]m\  that  in  tlie  future  rneuibers 
^'iiy  umKe  more  frequent  use  of  the  privileges  of  the  club  rooms. 
^   The  most  innK>rtaut  action  taken  by  the  Club  has  lieen  the  publish- 
ii'g  of  its  Proceedings,     Though  undertaken  soniewliat  a^  an  experi- 
ment, the  results  have  proved  highly  successful,  for  nothing  could 
M^"o  given  greater  im]>etus  to  every  interest  oi  the  Club.     The  labor 
^f  preparing  mat-erial  for  prca*5,  superintending  illustrations,  reading 
V^^^fs  and  other  net^esasary  work  conuectcHl  with  the  [jrejmration  and 
Jobation  of  tlie  several  numbei^  of  the  Proceeding;^,  has  been  con- 
I'aljle  and  was  largely  borne  by  the  Committee  on  Publication,  to 
wJi«>|^j  tj^g  thanks  of  the  Club  are  due. 

■TIjp  first  numl>er  of  the  Proceedings  was  issued  in  January,  1879, 
^"^i  fwntaiucfl  the  most  important  jwipers  and  commuuieations  which 
hacl^l^een  read  bef«»re  the  Club  during  1$7S. 

-X  iisi.  2,  *J  and  4  have  since  been  issued.     No.  5,  which  will  close 
*^*ltHne  I,  and  contain  the  proceedings  of  the  Club  from  December 
^''^    t*i  the  end  nf  the  second  year,  including  tliis  annual  meeting,  is  at 
I*'^^=^?iit  in  pre«v<. 

^im*e  the  hist  annual  meetinj^j  held  Jan.  11th,  1879^  the  following 
P^jv^3isi  [ia%*e  lieen  read  before  tfie  Club  : 

^IlTonical  Arches  at  South  Street  Bridge,  Philadelphia,  by  D,  McN. 
-^^^^^mttfL-r,  C.  H 

^tlolly  System  of  Steam  Heating,  by  Prof.  L.  M,  Haupt,  C.  E. 
p    ""ilie  Future  of  American  Engineering,  Address  by  Thos,  C.  Clarke, 

*^-^iilont. 
^,    ^^he  New  River  Coal  Field,  West  Virginiaj  by  Chas.  A,  Youog, 

^Some  Features  of  Ancient  Engineering,  by  Geo.  Burn  ham,  Jr.,  C.E. 
^Nomenclature  and  Classification  of  Miisonry,  bv  Prof,  L,  M.  Haupt, 
^    E.  ^     ^ 

3^  reaper  amount  of  Water-way  for  Culverts,  by  Thos,  M,  C  lee  maun, 
^      E,^  with  discussion  by  Mcs-^rn,  IXirracli,  8Lautfer  and  Ilering. 

*rijt*  Connecting  Rod,  bv  Jas.  Christie^  M.  E.,  with  discussion  bv 
^*-oi:  Wm.  D.  :^Iarks,M.  E. 

Ttic*  Water  Supply  of  Philadelplila,  by  Chas,  G,  Darrach,  C.  E. 
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Rock  Salt  Deposit  of  Huron  and  Bruce  Counties,  Ontario,  Gaiuida, 
by  John  Hy.  Harden,  M.  E. 

On  Ganguillet  and  Kutter's  Formula  for  the  Flow  of  Water,  by 
Thas.  M.  Cleemann,  C.  E. 

Progress  of  the  Geodetic  Survey  of  Pennsylvania,  by  Prof.  L.  K 
Haupt,  C.  E. 

On  an  Important  Legal  Decision,  by  Percival  Roberts,  Jr.,  M.  E 

On  the  Angular  Pitch  of  Square-threaded  Screws,  by  Wilfred  Lewis, 
M.  E. 

On  Water  Gas  from  Coal  and  Petroleum,  by  Herman  Haupt,  C.K 

On  the  Gothard  Railroad,  by  Chas.  E.  Billin. 

During  the  same  period  notes  or  communications  have  been  furnished 
by  members,  or  by  persons  introduced  by  members,  on  the  following 
subjects : 

Cost  of  the  Cleveland  Viaduct. 

Progress  of  the  Madeira  and  M amore  Railroad,  Brazil. 

Iron  Railway  Cross  Tie. 

The  Sand-blast  Process  for  Sharpening  Files. 

The  Use  of  Heliotropes  for  Signaling. 

The  System  of  Telephone  Exchange. 

No.  5  Turbine  at  Fairmount  Water  Works. 

Schmitt's  Revolving  Spiral  Screen. 

Blocks  for  Sewer  Connections. 

The  Harrison  Car  Axle. 

Automatic  Foul  Air  Valve. 

American  Portland  Cement. 

Fames'  Petroleum  Puddling  Process. 

No.  6  Engine  at  Spring  Garden  Water  Works. 

Preservation  of  Timber. 

Butler  Mine  Fire  Cut-oif. 

A  New  Sclf-plunibing  lliinging  Rod  for  Transit  Field-work. 

The  Aneroid  Barometer. 

Water-way  of  Bridges. 

The  above-named  papers  and  communications,  together  with  min- 
utes of  meetings  of  the  Club  and  of  the  Board  of  Directors,  a  list  of 
contributions  to  the  Ijibnir^',  names  of  new  members,  announcements, 
etc.,  have  been  published  in  Nos.  2,  3,  4  and  5  of  the  Proceedings  of 
the  Club.  A  copy  of  eiich  number  has  been  sent  to  the  address  of 
each  member,  and  to  the  many  engineering  societies  and  publishers  of 
technical  periodicals  who  have  expressed  the  desire  to  exchange  publi- 
cations with  the  Club. 

The  Club  has  received  during  the  year  the  official  publications  of 
the  following  associations,  in  exchange  for  its  Proceedings : 

The  Institution  of  Civil  Engineers,  London. 

Society  of  Civil  Engineers,  London. 

Imperial  Technological  Society,  Moscow. 
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lEssavon  Club  Engineers,  U*  S.  A*,  New  York- 
35we(lisb  Society  of  Civil  Eiigin€€i*s,  Stockholm* 

Ky  of  Civil  Engineers,  Fans. 
I  Society  of  Engineers  and  Architeets^  Dresden, 
iaii  8cKijety  of  Ennrineers  and  Arehitects,  Vienna* 
Justitution  of  Engineei*8  and  Sliipbnildeit^  of  ScNXtland,  Glasgow. 
LV^ssociation  of  Civil  Engineers  of  Portu^l,  Lisbon. 
lAmericim  Institute  of  Mining  Engineers, 
.American  Society  of  Civil  Engineers. 
'Civil  Engineers^  Club  of  tbe  Northwest,  Chicago. 
(Boston  Public  Librar>\ 
lAjgcntine  Scientific  Societj",  Buenos  Ayres. 
AeTonautical  Society  of  Great  Britain, 
lAmerican  Iron  and  Steel  Association. 
•Journal  of  the  Society  of  Arts^  I^>ndon, 
rJournal  of  the  Franklin  Institute,  Philadelphia* 
The  following  magazines  and  journals  have  been  contributed  to  the 
tub  by  publishers,  or  received  in  exchange  for  our  Proceedings: 
Annales  des  Fonts  et  Chauj^e^,  Paris- 
Van  Noetrand's  Engineering  Mapizine^  New  York, 
Teiegmphic  Journal  and  Electrical  Review,  London, 
Railway  World,  Philadelphia, 
liiulroiid  Gazette,  New  York, 
Raihvay  Review^  Cliicago, 
Railway  Age,  Chicago, 
Manufacturer  and  Builder,  New  York. 
Engineering  and  Mining  Jonmalj  New  York. 
; Scientific  American,  New  York, 
American  Gas  Light  Journal,  New  York, 
ilron  Age,  New  Yurk.  *    . 

;Jdetal  Worker,  New  York. 
Stulding  News,  I^ondon. 
Engineerings  London, 
Engineering  News,  New  York, 
Army  and  Navy  Journal,  New  York, 
American  Manufacturer  and  Iron  World,  Pittsburg. 
The  publication  of  the  Prtx-cedings  has  been  j^  grtiat  an  advantage 
the  Club,  in  eveiy  way,  that  it  seems  most  imiwrtant  tliat  th^' 
nnild,  if  possible,  lie  maintained.     It  is  therefore  essential  that  there 
bll   be  a  good  supply  of  valuable  material  for  publication,  and  for 
» we  must  depend  very  largely  upon  the  Conimitte<^  on  Information^ 
members  will  do  tlieir  whole  duty  when  serving  on  these  commit* 
Bf  they  will  aid  very  niaterially  in  maintaining  the  repntation  of  the 
lib  Ixabre  Uie  world,  and  in   making  the  meetingsi  of  interest  and 
lue  to  members, 
[pie  liibwy  has  re^ived^  besides  the  above-enumerated  transactions 
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and  periodicals,  a  large  number  of  contributions  from  memben  of  Ai 
Club,  authors  and  publishers. 

During  the  year  311  bound  volumes  were  received,  besides 
ous  pamphlets,  charts,  maps,  photographs,  etc. 

Members  are  earnestly  requested  to  donate  to  the  Club  any  (  ^_ 
neering  works,  reports  or  pamphlets,  or  State,  railroad  or  geok^d 
reports,  which  they  may  feel  able  to  spare  from  their  own  libmm 
The  library  of  a  local  engineering  society  should  be  its  most  valnilib 
property,  and  a  constant  source  of  profit  to  members.  It  depends  vay 
largely  upon  the  exertion  and  liberality  of  individual  memb^  whedMr 
we  will  be  able  during  the  next  year  to  form  the  foundation  for  a  val- 
uable engineering  library  in  connection  witli  the  Club. 

In  conclusion,  allow  me  to  congratulate  the  Club  upon  its  sdooMi 
and  to  urge  each  member  to  do  ail  he  possibly  can  to  maintain  oar 
good  name,  and  to  make  the  Club  felt  as  a  power  for  the  promotion 
of  the  highest  interests  of  the  profession. 

V  ery  respectfully,  your  obedient  servant, 

Chas.  E.  Billin,  Cor.  Seordary. 


III.    AioruAL  Report  op  the  Recording  Secretabt, 

Ibr  the  year  ending  January  lO^^k,  1880. 

3fr.  President  and  Gentlemen : 

With  this  meeting  ends  the  second  fiscal  year  of  the  Club's  eatltr 
ence.    Since  the  last  annual  meeting  nineteen  meetings  have  been  hdd, 

comprising  thirteen  regular,  four  business  and  two  special  meetings, 
and  with  an  average  attendance  of  twenty  members.  Thirty-five  visi- 
tors have  been  present  at  regular  meetings,  many  of  them  liaving 
attended  by  special  invitation,  for  the  purpose  of  presenting  some  sub- 
ject of  general  interest. 

During  the  year  the  membership  has  been  increased  by  the  election 
of  thirty-eight  active  and  two  corresponding  meml)ers,  while  our  num- 
bers have  been  reduced  by  the  loss  of  four  members,  three  by  resigna- 
tion and  one  by  death,  leaving  a  total  of  ninety-three  members  of  all 


In  the  death  of  Mr.  J.  B.  Knight,  Vice  President,  the  Club  suf- 
fered a  very  great  loss,  which  need  not  now  be  further  referred  to,  as 
special  action  was  taken  by  the  Club  at  tlie  time  of  this  sad  event. 

The  Board  of  Directors  have  met  every  month  during  the  year,  ^rith 
one  exception,  for  the  transaction  of  necessary  business,  but  the  regu- 
lar meetings  of  the  Club  were  discontinued  between  June  7th  and 
October  4th,  on  account  of  so  few  of  the  members  remaining  in  the 
city. 

In  June  last  a  very  kind  invitation  was  extended  to  the  Club  by 
the  American  Society  of  Civil  Engineers  to  be  present  at  their  elev- 
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enth  annual  convention,  to  be  held  in  Cleveland  on  the  1 7th  of  June^ 
Eleven  members  availed  themselves  of  this  valuable  opportunity 
for  instruction  and  pleasure,  and  returned  with  a  sense  of  gratitude 
for  the  courtesy  extended  by  the  American  Society  of  Civil  Engineers^ 
and  the  generous  hospitality  of  the  local  committee  of  Cleveland 
gentlemen. 

Printed  notices  of  all  meetings  have  been  sent  to  each  member,  as- 
required  by  the  constitution,  but  tliese  would  be  of  much  greater  value 
were  each  chairman  of  the  Conmiittee  on  Information  to  report  to  the 
Secretary,  when  possible,  any  interesting  paper  that  is  to  be  read  at 
the  following  meeting,  so  that  this  information  might  be  included  in 
the  notice. 

The  increased  attendance  during  the  past  three  months,  and  the 
large  number  of  recent  applications  for  membership  shows  a  rapidly 
grovring  interest  in  the  Club,  which,  it  is  to  be  hoped,  the  members- 
will  endeavor  to  maintain.     Very  respectfully, 

Herman  Hoopes,  Recording  Sec^y. 


IV.    Annual  Report  of  the  Board  of  Directors. 
For  the  year  ending  January  lOf  A,  1880. 
Gentlemen: 

The  reports  of  the  Treasurer  and  the  Secretaries  so  fully  cover  the 
history  of  the  Club  during  the  past  year  that  the  Board  of  Directors 
find  it  unnecessary  to  submit  any  additional  remarks. 

They  desire,  however,  to  congratulate  the  Club  upon  the  progress 
made  during  the  year,  and  to  express  their  hopes  that  the  interest 
which  has  been  displayed  since  its  inauguration  may  continue  to  grow 
in  the  same  proportion  as  heretofore.  Very  respectfully, 

Wm.  G.  Neilson, 
Coleman  Sellers,  Jr., 
Rudolph  Hering, 
Percival  Roberts,  Jr., 
Howard  Murphy, 

Board  of  Dircdors.^ 


H<?lkT  &  Brightlj^  and  a  lueniber  < 
m  i>*iHsible  one  of  th*?  t^iusea  of  iruieeuracy  resulting  fjxim  a  cartrleii^s  orlii* 
perieneed  rodnian.  When,  an  frtHiuently 
happeni?^  tbtf  mdnmn  in  invisible  iind  only 
the  top  of  hie  rod  Bhowa  over  a  led|?e  of 
rocks  or  througli  a  clujup  of  treeii^  and  the 
rrmrmg  of  a  catoract  prevents  his  hearing 
^  word  from  the  transit  man,  it  is*  very 
ini])ortaiit  that  his  rod  should  bi*  liuld 
vertical.  Toaeconipllsh  thia  the  inventgr 
hn«  applied  tlie  "gmihallln^"  principle 
of  the  plummet  lamp,  uaed  m  mine  sur- 
veying, to  the  transit  rod,  iis  fthowii  in 
the  accompanying  ftgure,  by  Kul>Htltutlng 
hrsim  for  wooJi,  making  the  rod  hollow', 
loading  the  bottoni  tiy  fllliirgthe  In^^ide  of 
the  tube  with  lead  to  a  eon ven lent  height 
and  attaehhig  gim balls  at  aome  point 
abo%*e  the  eentre  of  gravity.  By  means 
of  these  gim balls  tlie  rod  is  heki  by  the 
asi*i»tant^  and  a-s  soon  a.^  raised  free  from 
t b e  g roil  lid  it  i n i n i ed lately  pi u mbsi  i  tsel f ^ 
or,  in  other  words,  is*  truly  vertleaL 

The  rtjd  whieli  I  present  a«  a  saniple  is 
seven  feet  iu  leiigtL,  of  a  *' hard  brass" 
fteamlesH  tube,  siveeiully  rolled  s^o  as  to  be 
jjerfeetiy  straight,  and  extra  lieavy  so  as 
not  to  Vfisiiy  bend,  having  an  outwlde 
dhmieter  of  f^  and  inside  /^  hich.  It  is 
divided  into  feet  by  tlie  ordinary  re<l  and 
white  bands,  fire'jajmnned,  with  bniss 
cone  and  steA  point  on  one  encl,  undon  the 
opposite  end  a  drill  f*u*  transferi'lng  cen- 
tre?^ intfj  stone,  ete.  The  lower  J'mir  feet 
are  filled  wU!i  leadt  ami  the  glm balls  are 
attached  six  inohes  fthnvf'  tbu  four  foot 
marks,  W  here,  lio we ver,  a  greater  Icn  gth 
than  seven  fe<*t  is  desirable^  instead  of 
inereiU!!5ing  the  length  of  the  main  tydie. 
wiiirh  wtiuld  (nnke  it  unwieldVi  a  sniail 
tnije,  fitting  and  sliding  i nsidc  of  the  inuln 
tube  (teJcsC'oping  It  a«  it  were},  nllows  a 
twelve  foot  length  to  be  obtained  whivout 
materially  inereasing  the  weight. 

Although  so  slender,  these  rods  nre  said 
to  he  quite  as  visibie  with  the  late**t  im- 
proved transit  telescopes,  which  have  a 
magnifying  power  of  iS,  as  the  two  Inch  wooden   rod  Is  with  the  mo 
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a  |wJw*M'  of  111  to  12  tlluniefers* 

rin^H*-  rodn  fi*riii  nrv  irii[>oriiiut  link  in  th**  i  iii  pro  veil  itJitH'tiuiiiuiMkHl  hi 
^^iirvi-yiiig  juslrunit'iils  by  thine  wlioilr^iri^  to  do  cnuMfi«^ntlouft,  rapid  and 
^mn\  wttrk^  and  it  may  not  lu^  unn>*H  to  iiirntioii  ihni  thciiM'OHt-  inliut  littlu 
\u\tiv  tUiui  that  ot  tht:  w^HHk'n  **  run|^lii|C  l^'^I*^*'  oi'dhuirily  used.  . 


THE  ANEROID  BAROMETER. 

ilKtifJLAit  MKNTiNu,  IXx'.  2<Vni,  1871h— Mi",  VUtks.  A,  A-ihhutrjtM-  vom- 
iiimih'^itiHl  tlic  follmvhijr: 

Hulnnijiy,  N*iv.  :Mit!u  IH7i>,  in  company  with  Mr.  8.  R.  Whitini?.  <3ngineiM^ 
of  XUv  rtiilnfltli*li1u  imd  Htnidinjj;  ('otd  niid  Irori  Coiiitmny,  arid  Mr.  A.  W. 
8he)\frr,  *H'  l^^tti^villt\  I  vi*iited  the  rit-uji  \v«rliJnj^s  of  the  minipnny  uvnv 
Piitt**vjJ]i.^  We  de-ieeridefl  tiie  i^ii^^t  XorweKii^ii  ^haft,  which  him  ii  depth  of 
l'Ss.>  feet.  1  enrried  with  me  i%  Mieks  (I,<mdon)  Imroniett^r  tjf  :iinni  fei't 
Ifrfljliiatiori,  Imported  for  loe  hy  Jus.  \V.  tjueen  *,%  (-o.  Atiouf  tour  niinuti'?^ 
w?iH  **oiit<ijniei!  hoth  in  lliedesjeent  arnl  tiKrenl.  [n  de^ceiidini^,  tltt*  iiaroiiK'- 
tc-r  JV*Hirdi'd  ii  depth  iif  MJtO  f^^^t,  autt  ejirne  to  itn  hearing  in  ahoui  3»  .sic- 
ond*  arter  flu.*  iH^tttijn  uf  the  shaft  Wim  reaeliLnh  We  roinrtined  in  tin-  work- 
ing>^  tlirei^ijutirters  nt  tin  lio«r,  in  wliirh  tiai*^  tlie  Ijaniineter  shc^weil  u 
change  of  oil I3'  lit  feK*  In  n.'^i^ending,  the  aneroid  indieate<l  a  iiei^ld  of 
157'>  feel,  nJideinni*  l«»  its  ln-!innjr  in  idjont  a  *piurter  of  a  iniiiula  Xu 
record  wttJi  ntadc  a.s  t4t  c'liaii|;:i^  uf  teinj^eruliire,  hut  liie  dillVreiiee  iiL  tli**  lo]» 
and  hottitni  iif  Mie  slififl  wns  poH.Hibly  li'i  degrei*.s  Fidircnlieit.  No  siM^'ial 
cMif  WLis  liilvt^n  t^i  lest  the  instrmneiif ;  I  n*erely  wi!?li  to  place  00  reettril 
the  n'.*jidl>  whieJi  were  noted^  piin^  to  show  thiil  liu*  IHeks  iuierohi 
l*rtro?neU'r  iH  one  nf  tin*  nioHl.  p*n*fef*t  wideh  ha^s  ever  Ijeeii  t*h'ieed  within 
tiie  rtH4eh  of  the  f»ti|^llUH*r, 


WATER-WAY  OF  BRIDGES. 

RKfHM.AK  MRi-rrtxu,  Jan;  ITtii,  Ihsik— Mr.  Thos,  M*  Ch^emunii  read 
thi*  followiii|»: 

Mr.  I'hinehsiM  Tlidl,  (be  rity  enginoer  of  Worcester,  in  UU  report,  tl.'di^d 
Jniiuarv  HOtli,  Isii'i,  ^^ives  tiie  w:d(ir'Way  of  ficvevtil  liridw:*'?*  in  thnt  city, 
svliii*li  fiad  willistood  ail  ttrevitiiiH  i1oo<Im,  iih  fo!low.s: 


(qH, 


XiiHlinsi  raih'oad  liridgi*  at  Ih  iiij^f  wtrcet^  area,         .      78M14  r<| 

^'                "*          Kxeliaiigo  **     .  rm-l-l 

rtdon  Ntrei^t               *'  near    **  *'            .      (STriMi        '' 

CViitrul    *"                 **             .              ,  .  TliiMit 
ThoiiiiW4  '*                 **     ....      7;ViM       *• 

JdiifrohiSi|yfiiv          *'             .               .  .  4H':il        ** 

KiiHhilii  Depot             '^      .                .  .  .       HU'im        ^* 

Andi  at  (trove  IMill,                 .                .  .  lll*Md 

Under  did*' of  peeeniher  i!*>tii,  ls7!i,  lie  writei^  :  '*Tlic  area  of  ttic  drain- 
ii^e  iituMn  rdK»ve  the  rjcverul  hrtdjje^  referreil  to  wiin^  or  in,  '>tl24  uercH ;  in  LhiJi 
himin  TH  one  lar^e  (Miitit  eaUed  Xortli  Pond,  loivin^  mi  urea  i*f  li^o  acres ; 
tJie  dniina^e  aien  of  this  [lond  Is  Linu7  aiTcs.  The  lirid*feM  are  now  uJl 
remove* I,  and  htivt-  heen  for  Hcvcrul  years,  liy  the  iKuldini;  of  what  U 
known  i\M  tiic  Mdl  lirot^lx  main  si-weiv  ho  no  rili-^ervalion?*  liave  iieen  taken 
ttt  ihrin,  nor  could  \}t\  Tiie  "jradeof  tidt^  muin  hcwit  lor  most  of  it^  ien^tli 
i>*  one  fool  in  one  liunisHinh  Tlie  fonnula  nwed  tn  itial  of  Mr.  Ha?,ivlKL*lie/* 
Tiiin  fiirinnl:!  will  ^dv«»  thcMliaineter  of  tln^  ^hi^wit  ti^  feet,  or  iin  arcii  >*f  7'^'. 
wpiare  feet  ;  Mt.  Myers*  fciriiitila  wouhl  14-ivean  area  of  71  Hoiiare  feet.  It 
-■^'finHi  prohahli'  llijiV  the  at*lual  area  i*f  4H'ii4  si|invre  feet,  wnirli  formeriy 
exi^li'd  at  Lineitin  Square,  pnivcd  sntTii'ieiit  iiccuiise  of  the  eipmli/inu  of 
tile  tlow^  ofttie  thiod  wiilii"  iirodnccd  tiy  tiie  North  Pond  menti«u»ed  by  Mr. 

J{!dl. 


ti^H] 
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MINUTES  OF  MEETINGS. 


Of  thb  Clui5, 

DKrEMiiKn  Otli,  IhSTI). — A  Tni^iines.'^  tuwtinjii:  was  heU,  ami  in  tliti 
ab,Nence  of  tliL^  pix-sidin^^  offio^tt-s,  Mr,  Durmcli  wha  (tilled  |t»  tlicclisitJ 
Klj^lit  jiieinlKii>)  were  |ireseiiU  Messrn.  Madt'im  mnl  CVMlman 
iippointtKl  tiijllei's  \uv  tin}  iAnvtUm  of  tiL^w  iiienibej-s,  aiitj  F/H  Fn 
H.  M.  CluiiK'c  and  J.  J,  de  Xindfr  wcro  dtt'Iai^l  by  tlieiu  to  W*tk 
lAxl.  A  very  geiiemi  rlij^ats'^ioti  cniriiietl  on  tht-  BtilijtH-t  of  anniiaWh 
and  iiiitialioii  fc^s.  Tlie  uinentbneiits  [imiRiseil  at  the  la^t  !»ii!<i&e»| 
ntt*enii|i^'  were  vottnl  ii|juii,  mid  it  witn  danckd  that  the  mumil  Am} 
sliuuld  be  BC'Ven  uud  ^Jia^-half  doUai>T,  and  the  initiation  fee  j<l)*>ii!tlj 
rt'jnaiii  iive  doUai"^. 

Tijt!  aDR'iidmt'Ut  U*  Art.  I II,  Hw,  1,  of  the  Hy-ljuws,  iusiertiii^raitei 
the  wonLs  **to  wliom/*  in  the  iiecx^nd  Jine,  the  words  "in  tlic  (3e>e/| 
active  iriemljeri?,*'  WTW  earried. 

Mesjir^,  Hering,  Miir|»hy  utul  Msulciru  pri^jMi^ictl  to  anieiid  -\rL  Villi 
r>f  the  By-Laws   by  .striking  mit,  in   the  i\\*iit  line,  t!ie  w^ml  '*iim' , 
and  in.wrtinj|  *'fonr;"   In  the  nineteenth  line,  lo  strike  *>ut  the  wunl^ 
'*^and  Libmry;"  after  the  ^eveiitli  seetion  to  insert  a  new  seillon,! 
follow.s;    '*fhe  (yc>mniittt:e  oh  liibmry  ishall  eout?ist  ul*  two  ineiub 
of  the  Bivanl  and  the  Prei^ideot/ 

Messrs.  Mnrplty^  Heriug,  Sellei-h,  Billin  and  Darra^'li  pnnjasiid  tlw 
folliiwing  amendment  to  Art.  IV,  See,  2,  of  the  (  Vmstitntion:  -Utis 
the  wonLs  "  voU'  at  eleetion.s**  in  sixth  line,  insert  the  nentenee  :  **Tk 
^ball  lie  ^ub~divided  into  two  ela.ssi>?,  viz,,  Uei?ident  and  Non*Re>ident, 
After  tlii8  insert  the  clauses:  '*  Beisi<lent  ineniijen*  shall  be  tbi*se  rmi 
iny:  witiiin  tif*ty  milm  of  I*hiladel]ihia,  Non-Ilii^ident  me m I h'T*  *bttl 
be  entitled  to  all  elub  privileges,  but  shall  l>ereqniixtl  to  [lay  tudy  (»»< 
half  the  ihies  piiyalde  by  I'esident  members. ** 

Numinatitjos  were  reeeivetl  for  ol!ieer,s  uf  tlie  C'lnl*  to  serve  dantf 
1880, 


Deckmhhh  20th,  1879*— A    regnlar  im*eting  waji  held^  witli  Mr. 
Henry  <t.  Mui-ris  in  the  (^lalr  and  tw^enty«f*nir  mendHns  present, 

Mr.  WtUVtHl  I  jew  is  reail  a  jia[K*r  '*(>n  the  Anguhu^  Piteh  of  ^HHmN 
tlo^iided  Serevvs,*'  Mr.  Henry  (i.  Mnrri,^  exhilntal  and  des4TiU^l! 
**laie  iid^-well  ftu*  drawnug-irjk.  Mr,  Clias,  E,  Billin  rea^l  a  letter  fr 
Mn  T*ontzcn,  of  Paris,  t^firruHpimding  njenit>er,  i»tj  the  snbjeet  of  niin 
^gaage  railroads  and  street  railways.  Prof.  L,  M,  Haupl  exhibit*tt ; 
d(*S4*rllM'<l  a  new  tnvnsit  rod  uilli  self-f^Unnbiltg  attatJiinenL  Mc 
Balt>;  and  (liin^-,  intrndnnnl  by  Mr.  Ilering,  exloliititl  and  ile^'nU'*^ 
new  fori  n't  d"  torliiiu',     Mr.  Ilering  exbibittnl  and  desi-riU-*!  uaaulj 
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iiiatir  tniii-vjilvi"  fnv  pipesj  iiiveiikrt  Uy  iSIr.  Uoniiiui.  Mr*  A^lilmruir 
miiflr  Hvnm  stutt^nKnib  n-gMrdiu^  tlra  j^i'eat  act'iimt^y  of  a  Hicks*  Aih^ 
riiiJ  Ibn»Jii4'(t*r,  :mij  ?^oDie  ctJiitirinatory  rfumrkH  wciv  niadt-  liy  Mi-sal's. 
Yoiin^  and  liilliiu  Mr.  Jiilliii  vi'iul  extracts  from  a  trarislatiufi  »»!' 
Monsii^iir  fiatiturV  very  able  [mpcr  6ii  Dcjilitisphorimtiori  *A  Iron 
ari'ni'ilhi'j  to  tlir  TljoinaH  tt  (lilclirbt  ])rii€t's,s. 

*l\M  A  in  i>il,  IKSO.— A  rem  I  la  I*  incctinM*  was  fickl,  a  114 1,  in  tJa* 
ali»*oiif*t*  cjf  tlif*  (insidin^^  ijflk'crs,  VrtA\  L.  M.  Hurifil  wiis  t'^ilM  Uy  the 
<'hair.  Then-  wt-rc  !i;i  incnilH'i>4  prtseiit,  VnU\  L.  M,  llaiipt  vvm\  n 
pnprr  hyUi-iu  II,  llauf>l,  nil  tUv  iMaiinllictiin'  of  \\'ati:r  ivAs  i'rum 
(\m\  lUiA  VviritUmn.     \  few  rciiiarki^  ^vcre  iiiatk-  mi  the  Tay  Bridge. 

-FAXt^AKY  lOMi,  hSKCK — Tlio  Scctmd  Aiiiiual  iiiwtiiig  of  rln^  (1ub 
wa^  Kelil  at  H,:]5  1*,  M.  In  t-lie  ab^^^K^  ^if  the  Prcriitlent  and  Wn^ 
Pre.sidenl,  Prt+f.  L*  JI.  JbiH|U  was  ealk'd  to  tlie  chair,  l^vcnly-?^cven 
Tnent(>cm  were  jinvscnt. 

Tlje  Annual  Keports  of  {hv.  TrtiLsiirer,  Correal londin^^  Sivrt  Uirv, 
Recording  Swi'ijtury  jukI  Ji<»nn]  of  Dii^etorH  were  read  aiul  ae<'<i|iteil. 

The  I'oiiiinittet^  (*n  Iron  and  Stcn:!!,  Mr.  Bi Hi n,  Chairman,  luul  the 
Committee  t»n  Mctri*-  Systen*  of  Weights  and  Measures,  Mr.  ,\sh- 
biinii^r,  Cbairinan^  rcinnred  jinif!;re>«^. 

Me^^r-*  Sanders  and  Cktrnann,  te[k?m  for  tire  annual  oleetion  nf 
officers,  reported  (he  following  gcntluincn  m  i>eing  doJv  eleet>ed  fi»r  (be 
year  1880. 

Prmultmf,  FredeHe  (irsdll 
\ivv-l*ni<kft'7t(^  IVrcival  Ivt^berts  ^h\ 
lit'ronfhit/  S4Vtrhfrij^  Wilfn^l  Lewis, 
(  'o/TrnprfHitinf/  *S(rrtiarif  ttnd  Tfrtwntrr^   ( liarlcs  E.  Billin» 
BiHtfd  fif  }}treiiorH — b*iitlol|tb  lleriii|i;,  (^oleJnan  S<:llcr^,  Jr., 

Howard  xMnrpIiVj  (reorge  Biirnhan],  Jr. 

The  vt»tt'  fur  {\\v  Ijfth  Oireet^vr  wa*s  a  tie  Ixitwetij  Mt>8m.  John  A. 
Wilson  and  llernimi  IIoojh*^;;  there  wa>^  tliorefore  no  eletiion. 

Tilt*  i*onstitntif»nal  airicndmeni'  pnnnjsed  at  tlic  hist  l>iLsinei3S  meet- 
ing; was!  h^Kt  liy  a  vote  of  41  iiycs  and  ;i  imy«,  a  two-thiiilfi  vot*?  (50)  of 
tlie  rnt-ndmrt  being  n^tiniix^d  to  adopL 

A  '-[H'i'iul  buHinisH  mei*ting  was  held  the  .same  eveulng,  Prnf,  L.  M. 
Itauf'l  remaining  in  ibe-  chsdr, 

Miitssrs,  11.  SelleiVr  and  'IViyhn- were  apihHnlL*^!  tellers,  and  tlie  fol- 
lowing gi:ntlernen  were  deiied  meml>c!*8:  Ilunorary  member — Jolin 
C,  Tram  wine,  Aetivo  mendn-i's  >\  f^.  Miller,  Axel.  8.  Vogt,  D, 
Town^^thb  J*-  F.  Bnrulihiger,  IlJi.  H.  ^Parr,  H.  See,  C.  A.Merrinm, 
T.  It  WdbaniMm,  H.  A.  Freeman,  M.  Trump,  E.  I)'ln\  illiers. 

^Sct*  pa^f  L'lHi. 
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An  aineiulineiit  to  the  By-Ijaws,  creating  a  standing  Committee  on 
Lihrarv/  proi>osecl  at  the  last  business  meeting,  was  adopted. 

.  January   17th,  1880.  —  A  reguhir  meeting  was  held,  Frederic 
(rraif,  President,  in  the  chair:     Nineteen  members  were  present. 

The  failure  of  the  Tay  Bridge  was  discusseil  bv  Messrs.  Murphy, 
Hering  and  P.  Rol)erts.  In  the  alxsence  of  facts  reported  by  exi>erts, 
the  discussion  Avas  only  of  a  general  nature,  Mr.  Roberts  belicNnng  that 
this  failure  was  another  proof  of  the  unreliability  of  cast  iron  to  safely 
withstand  any  strain  except  simple  and  dire(*t  crushing.  Mr.  Freehuid 
rejid  a  [>iii>er  on  Linkages  for  A"".  Linka^  in  general  were  defined 
aii<l  chtssified  acconling  to  their  d^ree  of  freedom,  and  a  method  was 
ex|Kmnded  by  which  the  successive  powers  of  A' could  be  obtained  one 
from  another.  Mr.  Cleemann  made  a  few  remarks  on  the  water-way 
of  bridges  in  Worcester,  Miiss.  Mr.  Billin  gave  an  interesting  descrip- 
tion of  the  lowering  and  boxing  of  the  EgA'ptian  Obelisk  at  Cairo, 
intcndeil  for  New  York  City,  and  exhibited  several  large  photograplis, 
showing  tlie  machinery  and  the  various  stagt^  of  the  work,  from  its 
commencement  until  the  ol)elisk  was  in  |K)sition  to  l)e  ship|Kil. 


Of  the  Board  of  Directors. 

December  20th,  1879. — A  statinl  meeting  was  held  and  some 
routine  business  transacted. 

Jaxuarv  3<1,  1880. — A  spet*ial  meeting  was  held,  and  several  bills 
were  piissinl.  Messrs.  Amders  and  CUvmann  were  appointed  tellers  to 
(vmduct  the  annual  eltH'tion. 

Jantary  10th,  1S80. — A  sjKHMal  mec^ting  was  held.  The  re|)orts 
of  the  Treasurer  and  S<Hnvtaries  were  submittcnl  to  the  Board.  They 
were  appniveil  and  onlered  to  be  pri'sentetl  to  the  Club  as  the  report 
of  the  lioard  for  the  year  1879. 

Jaxi'ARV  17th,  1880. — A  stated  meeting  was  held.  The  varancy 
in  the  Board,  raustnl  by  the  tie  vote  at  the  annual  elirtion,  was  filled, 
the  B^jurd  electing  John  A.  Wilson.  The  Standing  Committees  for 
the  year  were  then  appointed  by  the  President,  as  follows: 

On  Fitunur:  Coleman  SelleiN,  Jr.,  Howard  Murphy. 
Oi)  MrmhfTs:  IVn'ival  Roberts,  Jr.,  Coleman  Sellers,  Jr. 
On  Pnhlirnfion:  Rudol|>h  Ilering,  (reorge  Burnham,  Jr. 
(hi  Lihrarji:  John  A.  Wilson,  Howanl  Mnr|»hy. 

'  Stt'  pae^o  *J9o. 


i.jtit*  i"i  Ki>ii*kt^iMt<  I'll  I'll  ■till'- 
Jm  Oiiutniciloiif  *U't   IkiUu- 

«ii|4nL>^    jiMti> 

}(rliii*'l4nr  si  Ct«>.     Nn^  iiEntkin  Flm  Jitir  vl  Miir  jriiiir', 
♦*  "  ihivruM*-*  li'Art*. 

*  "        >it.ijini)rirri» 

Urnir  ]lii[r|'4jn  ilr  h  IHiLrthni  i}y  CliiTntn  4t'Vvt 
I  In  (itjKmni- 

Ml,  "'*),  U>«i|i>n: 

Bi'll  —  ( ♦!  1  t- '  ^  M  '1 1««*,  •l'<^  •*<**<>■ . 
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■  (yd. 

A]i  -:^ 

Fr-'j].     t,  viMji  SA>Ms  \  I  Pi^      i*i.,^     l^^iST^     i-Tt 
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'br^Alcritittuhdabi'ti 
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tfi-t    t;ibHll>t'tl|-'I,  l»iHH\"'iMiStiHM|i|ll.«       II, 

\M||ri'  Shi   qiic|i|iiit>M  iirnv  «lr*  IVlin iiwili"*  XlliiHi»*lw 
"Kliit  .Viiilri<L4ili  n  Mtiru"in nifr  I*  rmitiMtUm, 
hvliu|rJ4>,    el    ill'    f.'fiiiniiu'it't.')    «!«■«    JJ'>i:»  *lv 
J'Aiitrit'hr*. 

j^il»:ljMll  3iE]^l  W 

■  ■    "    ••  i^i^mtj  !W*y: 

■     ••  Kt  Sr^-'y. 
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I'nji-j'riijM;:.  .    ,-i  ('1    .ii'.f  I .,  1.       1,-1  ■'. 
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M-MilltJi  IJwUnK 
T'n»fiwtiii)jB;  Any,,  S(*|^ht.  and  Oct    187V. 
ru»n  iljii  Alttil<:NTl>'K  ?nKKli*'IC  erHUKTV, 

1 1 11  •!•  I II  h»    A  ^'  H^4  ' 

l*h--.  "        ■ "      ■ 

Km.'.  il  of  Liirtin  I  iiUIcBL 

l-tiniM  i.-v  l^    A    llArrKLl'IM*Klt, 

Tutiitwiiiir-  I  >.  nt  Iji^liif^  uiil  liLiilrikitil 

Kr*iTi»  KiiN    1^  I".   I*ATTIC1HUS\  iliit>t.  r. 'i.  It^i*! 

tiiHi  Oi'ihIi'Hc  fiiTi*"? 
Fmm  Tin  »f*  >1 ,  r 1. 1 : i :^i  a n  > .  Mfml*r  uf  0<n  I'ltili: 

I'li^VDiuji^li  — Thi'   Uiijlru,!.^   Lfr^ilMi'iTV  l^nu'tlf  « 

Ki»iM  MH  W,  K.  I>i  Mi  AN.  KJtis 

I  ifvijuptlt-n)  htirvt'f  of  Diiuwln.     ^1   Vt^l*.  nu'f  Mui* 
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t.IST  OF  MEMBERS. 

A(l(lifi())i,s, 
Honorary  McinlKT. 
Trautwink,  John  C,  580  N.  (kh  street.      Elwted  Jan.  lOtli,  1880. 

Active  Members. 
Miller,  F.  L.,  717  E.  Dauphin  street.  EicH^te<l  Jan.  lOtli,  1880. 

VociT,  AxKL  S.,  P.  R.  JL,  Altoona,  Pa. 
TowNSEND,  David,  Bush  Hill  Iron  Works,  ](>th  and  Buttonwood Sts. 

Eleeteil  Jan.  l(>th,  1880, 
Brendlixger,  p.  F.,  Box  81,  BnuklcK-ks,  Allegheny  County,  Pa. 

Elected  Jan.  10th, 'l880. 
Tarr,  II.  G.  H.,  28  Piatt  street,  X.  Y.  "  " 

See,  Horace,  Sup't  ( 'ramp's  shipyard.  City.      "  *'      *     " 

Merrl\m,  C.  a.,  817  South  19th'street.     '        ''  "  " 

WiLLiAMsox,  T.  RoxEY,  Exchange  Building,  .'>d  and  Walnut  streets, 

Elwtifd  Jan.  10th,  1880. 
Freeman,  Harold  A.,  422  Walnut  street.        "  "  " 

Trump,  Michael,  804  X.  17th  street.  "  "  " 

D'Invilliers,  Edward,  907  Walnut  street.      "  "  " 


A  x\(  )i  TX(  m:mexts. 

Members  are  requested  to  send  to  the  Corresponding  Secretarv  any 
information,  original  or  [)nl)lishc(l,  which  they  may  have  or  know 
of  in  regard  to  the  siihjects  of  Narrow  (iauge  and  Strwt  l^ii'" 
ways.  Mr.  Krnesi  Pontzen,  Conesponding  Mend)er,  is  prejwring 
a  work  on  American  Uailway  Pi'actice,  and  i>  desirous  of  obtaining  all 
pos.^ible  information  on  thes<»  subjects. 

Members  arc  re(piested  to  insert,  in  parenthesis,  the  nu'tric  iKjuiva- 
lentsof  all  weights  and  measures  u.sed  in  pa])crs  read  before  the  Clnl^J 
also,  to  place  a  metric  scale  in  juxtaposition  to  the  ordinary  s<^de  ui)on 
all  drawings  illustrating  papers. 

Illustrations  of  |)aj)ers  presented  for  publication  should  be  drawn  in 
broad;  sharj)  lines  upon  white  and  smooth  paper,  with  dull  black  ink- 
The  size  should  be  at  least  twic<5  greater  than  the  i)rint,  figure?  an" 
lettering  to  corresj>ond.  Xo  brush-work  or  coloi*s  can  be  a(x^*|>ti*<k 
It  will  be  advisable  for  members  to  (Consult  the  ComndttiHi  on  Piil)l>' 
<*ation  on  the  requirements  for  salisfactorv  redueti(»n  anti  rc|>r(Kluotion 
before  making  the  drawings. 
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OF  THE 


ENGINEERS' CLUB  OF  PHILADELPHIA. 

ORGANIZED  DECEMBER  17th,  1877. 

VoL  U]  SEPTEMBER,  1880.  [No.  1. 

I. 


THE  LIGHT-HOUSE  SYSTEM  OF  THE  DELAWARE  RIVER, 
FROM  THE  HEAD  OF  THE  BAY  TO  PHILADELPHIA. 

By  Edward  Parrish,  Member  of  the  Club. 
Read  February  7th,  1880. 

As  late  as  the  year  1874,  the  only  light-houses  between  Phila- 
delphia and  the  capes  of  the  Delaware  of  especial  benefit  to  the 
navigation  of  the  main  ship  channel,  were  located  on  the  Brandy- 
wine  Shoal,  eight  miles  inside  the  mouth  of  the  bay;  on  Reedy 
Island,  some  fifty  miles  further  up,  at  the  head  of  the  bay  and 
opposite  Fort  Miflilin  on  a  pier  in  the  riverabout  forty  miles  above 
Reedy  Island. 

These  three  lights,  together  with  a  light-ship  near  the  lower 
end  of  Cross  Ledge  Shoal,  some  eighteen  miles  above  the  Brandy- 
wine,  and  which  was  liable  to  be  driven  from  its  station  by  a  floe 
of  heavy  ice,  formed  the  only  means,  at  night,  save  by  the  lead, 
of  determining  a  channel  one  or  two  miles  In  width  in  an  expanse 
varying  from  two  to  twenty-five  miles  wide. 

In  addition  to  the  stations  mentioned,  there  have  been  for  a 
number  of  years,  light-houses  in  existence  at  the  mouths  of  the 
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principal  creeks  emptying  into  the  Delaware,  but  being  in  most 
cases  a  long  distance  from  the  ship  channel,  were  of  but  littk 
consequence  in  marking  it,  and  were  chiefly  intended  for  the 
benefit  of  the  small  craft  trading  or  seeking  a  harbor  in  the  creeks. 

So  that  there  was  no  alternative  left  for  the  master  of  a  heavy 
draft  vessel,  arriving  at  the  mouth  of  the  Bay  towards  evening, 
but  to  anchor  until  the  next  morning,  thus  losing  at  least  one 
day  and  considerable  money.  Upon  steamers  making  regular 
trips  this  would  entail  serious  loss. 

The  great  growth  of  the  commerce  of  this  port  has  created  a 
demand  for  all  the  aids  to  navigation  that  could  be  furnished, 
which  has  been  met  by  the  establishment  of  eighteen  new  light- 
stations  and  one  steam  fog  syren  on  the  Delaware,  during  the 
past  six  years,  besides  the  placing  and  improvement  of  numerous 
new  buoys  and  improved  facilities  for  handling  them ;  all  of 
which  have  been  primarily  designed  for  marking  the  ship  chan- 
nel. 

Without  referring  at  this  time  to  the  two  structures  erected  in 
the  open  bay,  since  1874,  between  the  Brandy  wine  and  Reedy 
Island  lights,  I  propose  to  give  you  an  account  of  the  system 
adopted  for  lighting  the  somewhat  tortuous  channel  of  the  river 
from  the  head  of  the  Bay  to  Philadeli)hia.  The  method  employed 
for  the  whole  distance  is  that  known  as  range  or  leading  lights, 
and  consists  of  the  erection  of  two  lights  on  a  prolongation  of  the 
axis  of  the  channel,  and,  in  this  instance,  so  arranged  that  the 
intersections  of  the  successive  range  lines,  so  far  as  possible,  shall 
occur  in  deep  water,  enabling  vessels  to  pass  from  one  line  to  the 
next  with  no  unmarked  space  intervening. 

In  a  long  series  of  continuous  ranges  this  is  not  always  attain- 
able, but  in  this  case,  with  two  slight  exceptions,  has  been  secured. 
By  careful  surveys  of  the  channel,  the  best  line  is  determined  and 
prolonged  on  shore,  or  into  shoal  water,  where  the  difficulties  of 
construction  would  be  the  least,  and  on  it  are  erected  the  necessary 
buildings  for  the  exhibition  of  the  lights,  the  front  one  having 
only  sufficient  height  to  be  visible  at  the  most  distant  point  at 
which  the  range  is  to  be  used,  whenever  possible  being  shown 
from  a  lantern  room  connected  with  the  keepers  dwelling;  the 
rear  light  having  such  an  elevation  as  to  appear  over  the  front 
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from  all  points  on  the  range  at  a  minimum  vertical  angle  of  four 
minutes,  to  prevent  the  former  from  hiding  the  latter,  with  a 
horizontal  distance  between  them,  of  about  one-sixth  the  length 
of  the  range  line,  which  element  is,  however,  governed  to  some 
extent  by  the  topographical  features  of  the  country  and  the  cir- 
cumstances of  securing  the  site,  any  increase  in  this  distance 
increasing  the  sensitiveness  of  the  range  but  at  the  same  time  re- 
quiring a  greater  elevation  for  the  rear  light. 

The  lenticular  part  of  the  illuminating  apparatus  employed  in 
range  lights  is.  designed  to  concentrate  the  light  into  a  beam 
thrown  in  a  single  direction,  that  of  the  range,  and  differs  from 
that  employed  to  illuminate  larger  arcs  of  the  horizon,  in  having 
the  annular  prisms  arranged  in  vertical  planes  at  right  angles  to 
the  range  line  around  a  central  lens. 

Those  in  use  thus  far  on  the  Delaware  vary  in  diameter  from 
twenty-four  to  twenty-nine  inches;  the  latter  on  the  longest  range 
showing  a  brilliant  light  at  a  distance  of  fifteen  miles. 

In  coming  up  the  bay,  the  first  group  of  ranges  met  with  is 
designated  as  the  "  Listous  Tree  Range  Lights,"  and  consists  of 
four  lights  marking  two  reaches  of  the  channel. 

The  lower  set  of  this  group  is  located  a  short  distance  below 
the  village  of  Port  Penn,  Delaware,  and  marks  the  last  reach  of 
the  channel  of  the  bay  before  entering  the  river.  The  front 
beacon  of  this  set  is  a  small  frame  house  on  the  shore  near  the 
edge  of  the  river,  surmounted  by  a  lantern  room  from  which  is 
exhibited  the  light,  having  an  elevation  of  thirty  feet  above  the 
water.  The  rear  beacon  is  situated  about  one  and  three-quarter 
miles  back  from  the  front,  and  is  a  wrought  iron  tower,  eight  feet 
in  diameter,  enclosing  a  cast  iron  stairway  and  supported  by  a 
wrought  iron  frame-work,  composed  of  six  inclined  posts,  the 
bases  of  which  rest  in  the  angles  of  a  hexagon,  while  the  tops  are 
attached  to  the  shell  of  the  tower  immediately  under  the  lantern. 
These  posts  arc  braced  by  a  system  of  radial  and  lateral  ties  and 
struts,  and  the  whole  securely  anchored  to  masonry. 

The  light  in  this  tower  has  an  elevation  of  120  feet  above  the 
base,  and  135  feet  above  the  water. 

This  range  is  twelve  miles  in  length,  though  the  rear  beacon 
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is  visible  several  miles  further  down  the  bay,  and  serves  as  an 
excellent  guide  for  coming  on  to  the  range. 

The  upper  group  of  this  set  is  located  on  Finn's  Point,  N.  J, 
opposite  Fort  Delaware.  The  structures  of  it  are  similar  to  those 
just  described,  excepting  that  the  rear  beacon,  being  but  a  little 
over  a  mile  from  the  front,  is  100  feet  in  height. 

This  range  intersects  the  former  near  the  Dan  Baker  Shoal, 
and  isiised  for  about  seven  miles,  until  it  is  intersected  again  by 
the  lower  or  New  Castle  range  of  the  group  known  as  the  Bulk- 
head Shoal  ranges,  designed  to  guide  vessels  past  a  long  shoal 
extending  up  the  river  from  Pea  Patch  Island.  It  is  used  for  a 
distance  of  four  miles  and  is  lighted  from  two  frame  structara 
located  a  short  distance  below  Newcastle,  Del.  Both  lights  are  ex- 
hibited from  lantern  rooms  attached  to  the  keepers  dwellings, 
nature  having  supplied  in  this  case  a  hill  of  sufficient  height  to 
avoid  the  necessity  of  building  a  high  tower  for  the  rear  light 

The  Newcastle  range  is  intersected  again  by  the  upper  range  of 
this  group,  near  the  Bulkhead  Shoal.  This  intersection  takes 
place  in  about  18  feet  of  water,  so  that  vessels  of  heavier  draft 
must  begin  to  turn  before  coming  onto  the  upper  range,  the  lights 
of  which  are  situated  on  Deep  Water  Point,  N.  J.,  both  on  low 
ground  and  are  exhibited  from  structures  almost  identical  with 
those  on  Finn's  Point. 

The  upper  end  of  the  Deep  Water  Point  range  is  intersected  by 
the  Cherry  Island  Flat  range,  now  nearly  completed,  for  passing 
a  prominent  obstruction  in  tlie  middle  of  tlie  river,  opposite  the 
village  of  Pennsgrove,  N.  J.  A  portion  of  the  channel  marked 
by  this  range  has  a  depth  of  but  eighteen  feet,  and  it  is  now  be- 
ing deepened  to  twenty-four  feet  by  dredging. 

At  the  upper  end  of  the  Cherry  Island  Flat  range  occurs  the 
first  break  in  the  intersections  of  the  successive  range  lines  in 
deep  water.  The  distance  from  this  line  to  the  next  following  is 
about  three  and  one-half  miles,  and  it  is  proposed  to  mark  this 
short  space  by  the  insertion  of  a  slide  of  red  glass  in  the  lantern 
of  the  light-house  at  the  mouth  of  Christiana  Creek,  so  arranged 
that  the  light  shall  change  from  white  to  red  on  approaching  the 
shoal  water  at  the  side  of  the  channel.  This  proposition  has  not 
been  finally  adopted,  and  other  means  may  be  used  to  accomplish 
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\  the  object  The  channel  here,  however,  is  wide  and  has  bold  out- 
lines  near  the  Delaware  sliore,  so  that  however  indicated,  will 
leave  but  little  to  the  judgement  of  the  pilot  to  pass  safely  through 
it  and  strike  the  next  range,  located  especially  to  pass  through 
the  Schooner  Ledge,  a  dangerous  ledge  of  rock  between  Chi^ter 
and  Marcus  Hook,  having  on  it  about  eighteen  feet  of  water, 
through  which,  liowever,  there  is  a  narrow  passage  about  100  feet 
in  width  and  twenty-four  feet  in  depth.  Through  this  gap  the 
range  line  will  pass  and  continue  up  to  Chester,  where  it  will  be 
intvr^cted  by  the  range  passing  Tinicum  Island. 

The  structures  for  the  Schooner  Ledge  range  will  be,  for  the 

front  beacon,  a  frame  dwelling  resting  on  iron  caluronSj  supported 

by  wooden  piles,  surmounted  by  a  lantern  room  showing  the 

light  at  an  elevation  of  thirty-five  feet,  and  for  the  rear  beacon  a 

wrought  iron  tower  100  feet  high,  braci^d  in  the  same  way  as  those 

previousily  referretl  to,  but  being  supplied  with  a  larger  watch 

room  immediatety  below  the  lantern,  and  a  vestibule  at  the  base 

I  to  serve  as  oil  room  and  work  rooms.    This,  as  in  all  the  towers, 

I  is  located  in  close  proximity  to  a  dwelling  for  tlie  keeper.    The 

front  beacon  will  be  erected  at  the  mouth  of  Crum  Creek  and  the 

I  rmiT  in  the  Darby  Creek  meadows,  back  of  the  Lassaretto,  with  a 

I  distance  of  about  one  and  a  half  miles  between  them. 

The  Tinicum  range,  the  next  following  the  .Schoon'er  Ledge, 

lead^  from  Chester  to  a  point  near  Billings  Port,  N.  J,,  and  is  fol- 

\  lowed  by  the  Fort  Mifflin  range  leading  to  the  mouth  of  the 

Schuylkill  River,  through  the  drudged  channel  across  the  Fort 

Mifflin  Ban 

i      The  arrangement  of  the  lights  for  these  two  ranges  differs  from 

any  of  the  j>receding,  in  that  three  structures  are  made  to  serve 

for  both  ranges,  the  intersection  of  the  two  lines  being  at  the  front 

Lbeaeon,  while  a  small  iron  tower,  8U  feet  in  height,  will  serve  for 

tlie  rear  beacon  of  tlie  Tinicum  range,  and  a  frame  dwelling 

with  tower  attached,  having  a  height  of  fifty  feet,  will  servo  fur 

the  rear  beacon  of  the  Fort  Mitttin  range. 

Between  these  two  ranges  there  is  a  short  distance  in  the  chan- 
lid  not  directly  marked  by  a  range,  but  it  is  proposed  to  indicate 
the  point  at  which  vessels  shall  leave  the  Tinicum  range  by  ar- 
itjging  on  the  rear  tower  of  the  Fort  Mifflin  range  a  red  light, 
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which  shall  become  visible  at  the  proper  point,  and  by  a  similar 
light  on  the  rear  beacon  of  the  Tinicum  range  to  mark  the  turn- 
ing point  on  the  Fort  Mifflin  range. 

This  system  of  lights  extending  through  a  distance  of  sixty 
miles,  from  the  head  of  the  bay  to  Philadelphia,  will,  when  com- 
pleted, enable  a  vessel  to  follow  precisely  the  course  of  the  best 
water  without  estimating  distances  or  judging  positions,  leaving 
only  to  the  judgement  of  the  pilot  the  point  at  which  to  alter  his 
course  on  one  range,  so  as  not  to  run  beyond  the  next.  And, 
moreover,  vessels  coming  into  port  will  have  each  group  of  lights 
ahead  as  they  come  up  the  river,  until  reaching  the  last  range, 
which  is  but  short. 

Unless  unforseen  obstacles  arise,  the  entire  system  will  be  com- 
pleted during  the  present  year,  when  the  Delaware  can  lay  claim 
to  having  the  most  extensive  system  of  range  lights  in  the  United 
States,  and  probably  to  being  the  best  lighted  river  in  the  world. 


II. 


ROCK  DRILLS. 

By  Francis  L.  Miller,  Member  of  the  Club. 
Bead  March  20lh,  1880. 

It  will  perhaps  be  interesting  to  mark  the  contrast  existing  be- 
tween the  first  successful  rock-drill  and  the  latest. 

It  is  generally  conceded  that  the  rock-drill  introduced  into  the 
Hoosac  Tunnel  in  186G,  was  the  first  su^x^cstrful  drilling  machine 
which  proved  the  general  adaptability  of  drilling  machines  to 
mining  purposes;  although  the  drilling  machine  employed  at 
Mt.  Cenis  Tunnel  had,  nine  (9)  yexirs  before,  settled  the  question 
as  to  the  special  adaptability  of  rock  boring  machinery  to  a  xpe- 
cifc  purpose.  In  short,  the  " Sommeiller  Drilling  Machine"  suc- 
cessfully showed  that  the  Mt.  Cenis  Tunnel  could  be  drilled  by 
machinery,  whilst  the  drill  introduced  so  successfully  at  Hoosac 
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liu  1S*j6,  showed  that  blast  holes  could  be  drilled  in  all  kinds  o/^ 
I  'mining  work  by  a  small  porUible  machine. 

Prior  tt)  the  aJvent  of  tliis  American  drill,  many  were  the  at- 
,  tctnpts  to  accomplish  the  same  end,  but  all  hud  failed,  and  it  was 
Ireserired  for  an  American  to  disclose  the  principles  embodied  in 
itB  construction. 

Tlie  jirogress  of  Mt  Cenis  Tunnel  gave  an  impetus  to  engineer- 
ing work  of  this  character. 

The  projection  of  large  engineering  works  involving  mining 
operations,  stimulated  inventive  talent  to  supei^ede  the  slow, 
tedious  and  costly  process  of  hand  drilling  and  blasting  with 
gun  powder. 

At  tliat  time,  1806,  the  ML  Cenis  Tunnel,  then  cliief  of  its  ebiss, 

I  was  in  the  height  of  its  progress.     The  uvemge  monthly  advance 

I  of  the  heading  had  by  tlie  improved  machines,  been  raised  frum 

one  hundred  (lOtf)  feet,  to  more  than  two  hundred  and  twenty 

it%\)  feet. 

Til  ere  were  but  few  tunnels  in  progress  exceeding  one  mile  in 
I  lengthy  although  many  smaller  ones  were  m  course  of  construction. 
A  year  before  (1865)  attempts  were  made  to  employ  the  terrific 
^  explosive  nitro-glycerine  in  blasting*  Dynamite  was  not  known. 
There  was  a  considerable  amount  of  mining  being  done  in  all 
I  parts  of  the  w*orld,  yet  in  all  these  engineering  works,  excepting 
[only  the  Mt.  t'enis  Tunnel,  the  drilling  waa  done  by  hand,  and 
[gun  powder  was  the  only  explosive, 

rhis  seems  to  have  lM?en  the  turning  point,  for  from  this  year 
^id  progress  was  made  not  only  in  drilling  machines,  but  in 
l^explosiveg,  cartridges,  fuses,  etc. 

At  this  time  the  Hoosac  Tunnel  was  being  driven  by  hand 
,  labor  (drilling),  although  several  commendable,  but  unsuccessful 
I  attempts  liad  been  made  to  introduce  machine-drilling. 

For  tw^elve   years  had  tiiis   enterprise   dragged  slowly  and 
liously  along  (at  times  the  work  ceasing  entirely),  with  a  pros* 

of  occupying  twelve  years  more. 

Next  to  ilL  Cenis  it  was  of  greater  magnitude  than  any  tunnel 

previou-Hly  attenii*ted.     More  than  five  (5)  mi  las  long,  with  a  cross 

sectional  area  of  450  sq.  ft.  (approximate),  it  is  no  wonder  that 

tlie  projectors  became  discouraged  and  dissatisfied  with  the  slow 
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and  clostly  process  of  mining  it  by  hand  drilling  and  gun  powda 
Thousands  of  dollars  had  been  expended  in  inrffectdal  attempts  to 
successfully  introduce  a  mathine  dritl. 

The  want  of  such  a  machine  which  would  more  quickly  and 
economically  bore  the  blast  holas,  and  of  an  explosive  whioli 
would  advance  the  face  of  the  heading  more  than  a  couple  of  feet 
per  shot,  was  seriously  felt. 

At  length  a  machine  drill  was  tried,  which  proved  bo  suca'ss- 
ful,  as  to  warrant  its  continuance  from  that  time  until  the  con 
pletion  of  the  work. 

It  was  much  more  effective  than  hand  drilling,  saving  two 
thirds  the  cost  of  drilling  hy  hand. 

We  must  not  overlook  tiie  importance  of  the  simplei  yet  effes 
tive  means  for  compressing  tlie  air  which  was  used  a^  a  motor 
for  working  the  drill,  the  use  of  steam  being  so  inconvenient  as 
to  be  impracticable. 

The  machine  was  a  great  novelty,  and  many  were  the  pilgrim- 
ages of  engineers  and  others  interested  to  witness  its  working. 
Imagine  a  machine,  cylindrical  in  shape,  three  feet  long,  hav* 
ing  a  diameter  of  about  four  inches  (outside). 

It  resembled  in  its  construction  a  steam-engine  eylinder,  double 
acting,  containing  a  piston  whose  rod  extended  through  one  head 
of  the  cylinder,  which  we  shall  call  the  lower  cylinder  head.  To 
the  end  of  this  piston  rod  was  a  clamp  for  holding  the  drill  rod. 
It  was  provided  with  a  steam  chest,  and  had  induction  ports  and 
an  exhaust  port.  A  plain  sliding  valve  moved  in  the  steam 
chest,  which  by  its  movements  back  and  forth,  regulated  the  ad- 
mission of  compressed  air  into  the  cylinder,  acting  alternately 
upon  the  opposite  sides  of  the  piston,  and  imparting  to  it  a  re- 
ciprocating motion.  The  valve  w^as  not  moved  by  an  eccentric 
as  in  the  steam  engine,  yet  it  w^as  controlled  by  the  movement  of 
the  piston  in  its  forw^ard  and  backward  strokes.  The  piston-rod 
to  which  we  have  referred,  was  continued  through  the  piston  for 
a  short  distance,  but  not  sufficiently  to  pass  through  the  upper 
cylinder  head.  To  this  end  of  the  piston-rod  was  fastened  an 
annular  ring,  which  on  the  forward  and  backward  strokes  came 
in  contact  w4th  a  lever  or  cam,  which  projected  slightly  inside 
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the  cylinder.  The  movement  of  this  cam  was  communicated  to 
tlie  valve,  by  means  of  a  rod. 

Tn  tins  manner  the  reciprocating  motion  was  imparted  to  the 
drill.  There  were  two  oilier  nidtions,  vii:. :  A  rotary  motion  by 
which  the  drill  bit  was  kept  turning  around  on  its  axis  constantly 
while  the  machine  was  running;  also  a  motion  by  which  the 
drill  was  moved  fom^ard  and  constantly  kept  up  to  it*  work,  as 

I  tlie  rock  was  cut  away.  These  motions  were  accomplii^bed  by  an 
ingenious  device  which  can  better  be  understood  by  reference  to 
the  accompanying  drawing.     This  sectional  elevation,  Fig,  1,  was 

•  enlarged  from  a  cut  contained  in  that  excellent  treatise  on  "Tun- 
nelling and  Rock-Drills/'  by  our  fellow-townsman,  Henry  S. 
Drinker. 

In  Uie  drawnng  we  see  a  section  of  a  cyclinder  with  its  heads 

I  stmngly  bolted  down- 
It  cnntains  a  piston  and  rod  formed  of  a  solid  piece  of  metal. 
It  will  be  observed  that  tlie  piston  and  rod  are  not  connected 
w^ith  the  valve,  but  are  free  at  the  moment  the  blow  is  struck. 
At  the  roar  end  of  the  piston  rod  in  seen  the  annular  ring,  which 
operatA.'S  the  valve  and  feed  device.  We  see  the  cam,  wliich  is 
really  a  lever  projecting  slightly  inside  the  cylinder  connected 
with  tlie  valve  by  the  horizontal  rad.  The  ratchet  seen  wiUiin 
the  cylinderj  has  a  rotary  but  not  a  reciprocating  motion.  It 
has  also  a  feather  projecting  into  the  spiral  groove,  which  latter 

I  is  seen  encircling  the  piston-rod.  During  the  back  stroke,  the 
rutchot  was  prevented  from  rotating  in  one  direction  by  a  pall 
which  droppttd  into  the  teeth  of  the  ratchet.  But  during  the  for- 
ward stroke,  the  piston  goes  forward  without  rotating,  thus  com- 
pelling the  ratchet  to  rotate  under  tlie  palL  Thus?  a  rotary 
motion  is  imparted  to  the  drill  rod,  but  the  drill  point  is  changed 
only  daring  the  forward  stroke.  The  cylinder  moved  in  a  car- 
riage or  trough,  and  was  guided  in  its  motion  forward  by  ways 
or  grooves  in  the  side  of  the  trough. 

The  screw  seen  passing  through  the  upper  cylinder  head,  is 

not  permanently  attached  to  the  cylinder,  but  passes  up  through 

the  yoke,  and  is  capable  of  a  rotary  but  not  a  reciprocating  motion. 

The  yoke  is  connected  with  the  frame  or  carriage  in  which  the 

ejdinder  slides.    The  screw  was  prevented  from  turning  by  the 
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use  of  dieek  nuts.  A  nut  was  Bccured  to  the  cj^linder  head 
such  a  way  as  to  rotate  but  not  reciprocate.  Around  this  null 
ratehot  was  placed  which  is  engaged  by  a  pallj  said  pall  bdii^ 
connected  with  the  end  of  a  lever.  This  lever  Wiis  so  arrmijijd 
that  ita  forward  end  was  struck  by  the  annular  cam  when  lb 
piston  advanced  so  far  in  the  cylinder  as  to  make  the  feed  de?ir< 
able.  The  lever  on  being  struck  by  the  annular  ring,  caused  tht 
pall  to  jmsli  the  ratchet,  and  with  it  the  nut  around  a  small  dis* 
tan€u;  the  nut  thus  being  turned,  but  prevented  from  niovipg 
forward^  cuussed  the  cylinder  to  be  advanced. 

The  drill  bit  was  held  fast  by  the  chuck  which  is  seen  on  die 
extremity  of  the  piston-rod.    Steam  packing  was  used  to  prevM 
the  compressed  air  from  being  admitted  to  the  upper  portjon 
the  cylinder. 

This  machine  struck  about  300  blows  per  minute,  and  ^as 
operated  by  a  pressure  of  60  lbs.  per  sq.  in.  It  did  the  work  of 
several  men,  and  w^as  mounted  upon  a  frame  carnage,  by  which 
it  w^as  wlieeled  back  out  of  range  of  the  d(?bris  when  the  shot  was 
fired. 

The  successful  intrpduetion  of  this  drill  revolutionised  U» 
method  of  mining. 

Its  simplicity  and  portability  especially  rendered  it  popular. 
Its  convenience  of  adjustment  enabled  holes  to  be  bored  in  every 
conceivable  direction,  and  often  where  it  would  be  impossible  to 
bore  them  by  hand  drilling.  Its  lightness  (weighing  less  than 
300  lbs.  for  three  inch  cylinder)  rendered  it  portable,  so  that  it 
could  quickly  be  removed  from  place  to  place. 

It  immediately  found  favor  in  all  mining  works  where  rock 
was  encountered.  In  its  motions  it  very  nearly  resembles  the 
miner  while  drilling  by  hand.  In  hand  drilling  one  man  holds 
the  drill  while  it  is  struck  by  one  or  more  hammers.  Between 
each  blow  he  raises  the  drill,  at  the  same  time  turning  it  around 
so  as  to  change  the  position  of  the  drill  point,  and  then  allows 
the  drill  to  rest  upon  the  rock  while  receiving  the  blow  from  the 
hammer.  This  in  machine  drilling  is  purposely  avoided.  It 
has  been  found  that  by  the  old  method,  the  rock  was  pounded  or 
mashed  instead  of  being  chipped  off  by  steps,  as  in  the  case  of 
machine  drilling.    By  this  a  great  saving  in  drill  points  is  ob- 
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iBed.  Where  a  hand  drill  will  require  sharpening  for  every 
hree  inches  bored,  the  steam  drill  will  bore  thirty  inches  and 
r^'en  more  without  re-sharjiening.  The  drilling  machine  i mi- 
tes the  motions  of  a  coal  mincer  precisely.  In  tliis  case  the 
niiier  having  a  softer  substance  to  bore  through  than  rock,  does 
nt  make  use  of  hammers,  but  taking  the  drill  in  both  liands,  he 
brces  it  into  the  hole,  imparting  a  recijiroeating  motion,  at  the 
irae  time  rotating  it  and  changing  the  drill  j^oinL  It  also  has 
le  motions  of  a  jumper  drill,  so  early  used  in  connection  with 
ell  boring  and  shaft  sinking,  but  it  has  the  further  advantage 
rf  imparting  more  rapid  blows,  and  of  boring  horimntally. 
But  excelling  in  effectiveness  all  previous  drilling  maehinesj  it 
a.^  Bevertheless  far  from  perfect.  Weaknesses  were  continually 
Liiiig  revealed,  and  these  parts  were  from  time  to  time  supphmled 
>y  iiai*roveraents,  Tlie  exposed  working  parts  were  partieuhirly 
ihjectionahle,  the  cam  and  ratchets^  and  springs  and  pulls  were 
■nsttintly  failing,  necessitating  a  large  number  of  reserve  drills, 
fact  there  were  refjuired  at  least  as  many  drills  in  reserve  as 
here  were  working  ones.  One  great  improvement  consisted  in 
lelosing  the  cams  and  ratchets. 

The  principles  of  this  drill  were  used  as  foundations  for  the 
Histruction  of  other  drilling  machines  by  other  inventors,  and 
w^as  not  long  before  drill  after  drill  came  out  in  all  parts  of  the 
orld,  each  possessing  some  commendable  feature,  until  now 
hey  are  numbered  by  hundreds.  Most  of  them  were  successful, 
(nany  highly  successful;  at  first  rivalling,  afterwards  surpassing 
tie  first  drill  at  Hoosac  Tunnel  in  IHVS. 

In  a  book  written  by  Richard  Schram,  "  On  the  application  of 
Machine  Power  in  Rock  Drilling/'  pttblii^hed  a  few  years  Rince, 
he  author  exhibits  considerable  erudition  on  tlie  subject  of  rock- 
rills,  and  in  an  historical  sketch  of  rock  drilling  machinery,  he 
feinges  the  various  rock  drilling  machines  under  five  classes,  as 
allows: 

1st    The    lever  system,  embracing   Burleigli*s,  Schumann's^ 
achX  McKean's,  Warrington/s,  IngersolTs,  Dunnes,  Roanhead'si 
Jranston'ii,  Barrow's,  and  many  other  machines. 
3d.  The  duplex  system,  embracing  Sommeiller^s  and  Ferroux's* 
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4th.  The  rotary  system,  embracing  the  Diamond  Drill  mi 
BTBiuh%  etc. 

5th,  The  direct  acting  syst'Cm,  including  Darlington^Si  Selinmi'i 
and  Reynold's,  without  slide,  and  Osterkamp'sj  Schranvs,  Cdt^ 
blom's  and  others,  with  slides. 

It  will  be  observed  that  the  first  successful  drill  fit  Hoosftc 
Tunnel^  is  classed  with  the  lever  ^ystem^  because  of  tlie  levi^rsot 
tappets  employed  to  operate  the  valve  and  feed  device. 

The  stimulating  effect  on  railroad  tunnelling,  is  best  seen  bj 
the  large  number  of  tunnels  constructed  subsequently  to  tLy  iii- 
troduetion  of  this  drill. 

Among  the  prominent  ones  were  the  long  string  of  Pacific  R. 
R.  tunnels,  commenced  shortly  after  the  introduction  of  this 
drill  into  Hoosnc  Tunneh 

Four  years  afterwards  (1870)  the  Nesquehoning  Tuimel  vim 
eommcnced,  and  two  years  after  that  (1872)  the  Sutro  Tumid 
Qjinpany  began  using  machine  drills,  after  liaving  worked  tbe 
Sutro  Tunnel  for  three  years  previously  with  hand  drills.  About 
this  time  (1872)  the  Musconetcong  and  St.  Gothard  Tunnels  wre 
begun.  The  latter  exceeding  the  ML  Cenis  Tunnel  in  magni- 
tude, and  the  most  stupendous  work  of  the  kind  before  or  sines 
attempted. 

Many  other  railroad  and  mining  tunnels  were  constructed;  in 
fact  the  amount  of  work  of  this  character  that  haa  been  done 
since  the  advent  of  the  first  successful  drilling  machine  at  Hoosae 
Tunnel  in  1866,  and  the  introduction  of  dynamite  a  year  or  so 
later,  is  amazing,  compared  with  that  previously  done  in  thj^ 
same  space  of  time. 

The  stimulating  efifect  was  felt  not  only  in  the  railroad  tunnels, 
but  in  all  other  kinds  of  mining  w^ork,  where  time  was  not  of  so 
much  importance;  as  for  instance,  mining  tunnels,  sub-marine 
tunnels,  and  removal  of  harbor  obstructions,  besides  open  rock 
cuttings  on  line  of  railroads,  and  sewer  trenches  in  rock. 

These  works  have  been  prosecuted  in  all  parts  of  the  world,  and 
machine  drills  of  some  kind  have  invariably  been  used. 

There  are  places  where  the  amount  of  drilling  would  not  war- 
rant the  expense  of  steam  or  compressed  air,  and  yet  whene  a 
machine  drill  is  desirable.    To  meet  such  a  want,  hand  drilling 
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machines  have  been  introduced,  all  being  ingeDious  and  more 
effective  and  economical  tbaii  ordinary  hand  drilling. 

Uf  the  Atnerican  drills  of  this  type,  the  one  originating  with 
our  neighbors  at  Phoenixville  is  quite  popular.  They  all»  how- 
ever, foiitain  good  qualities,  and  are  being  gradually  introduced 
ill  the  work  of  limited  quarries  and  in  prospecting  ore  lands.  For 
tills  latter  pvirfjose  the  Diamond  Drill  is  unexcelled,  but  it  is  not 
|[|n>rrussion  drill^  and  does  not  come  in  this  cluf^g. 

The  latest  development  of  the  perea^sion  drill,  is  that  invented 
ill  1H78**  It  dispenses  witli  the  tappets  and  earns  found  so 
trfniblesi>me  in  the  earlier  drills. 

The  ii rawing  will  give  a  general  idea  of  this  drill  as  now 
miuiufairtureiL 

Mc»8t  practical  drillmen  prefer  a  hand  feed  to  automatic  feed- 
ing*    It  <Ji*^]»enses  witli  troublesome  devices  for   imparting  the 
fee*b  aJid  saves  considerably  in  the  weight  of  the  machine  itiself* 
B<^ides  a  lahnrer  of  ordinary  intelligenee  can  in  a  short  time,  and 
u^ithout  much  exertion,  administer  as  good  a  variable  feed  motion, 
and  even  better  tlian  is  done  by  the  automatic  device.     An  at- 
tendant must  be  employed  for  a  drill,  even  if  automatic  in  its  feed. 
The  macliincs  are  manufactured  with  the  automatic  feed,  and 
also  without  it     In  the  latter,  the  feeding  screw  is  provided  with 
a  crank,  and  passes  tlirough  a  yoke  containing  a  tixed  nut.     It 
\w  continued  through  the  axis  of  the  cylinder,  and  within  the 
cylinder  it  terminates  in  a  fluted  stem.     The  piston  is  ]*rovided 
with  a  correspondingly  fluted  cavity,  so  tluit  a  rotary  motion  is 
I  im{iarted  to  the  drill  while  the  machine  is  in  operation. 

The  drawings  reprewnt  a  longitudinal  section,  Fig.  2.  An  un- 
I  dersidc  view  of  the  steam  chest,  Fig,  5.  An  elevation  of  that 
portion  of  the  cylinder  under  the  valve  chest,  with  the  valve 
cht^t  removed,  Fig.  4.  Also  two  cross  sections,  showing  the  ar- 
rangement of  the  valve  and  ports.  There  are  but  two  quickly 
moving  parts,  viz.,  the  piston  and  the  valve.  The  latter  is  not 
moved  by  any  mechanical  device,  such  as  a  lever  or  cam,  but  is 
changed  or  rather  governed  in  its  motions  by  the  motion  of  the 
piston.     The  arrangement  is  very  ingenious,  and  consists  of  two 
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extra  exhaust  jK)rts  and  passages,  together   with   an  exhaust 
chttnibiT  encnrcling  the  piston. 

In  all  the  drawiriga  the  same  letters  denote  corresponding 
part5,  which  we  will  now  deserihe.  In  the  sectional  elevation 
we  Bee  the  cylinder  and  its  piston  (t)  ami  piaton-rcnl  (s).  The 
feedin^r  ricrew  having  upon  its  lower  end  a  fluked  imrtion  ik^hf 
rotating  th^  drill,  and  the  auloniatically  acting  valve  (g)  witb  i 
rod  (h)  ]uiasing  through  its  centre-  The  stoaiu  jjorts  for  the  in- 
duction (a)  and  eduction  (b)  of  air  or  steam  to  and  from  tb 
cylinder.  These  corresponding  ports  in  thu  steam  chest  are  ^"eu 
ill  Fig.  5<  Steam  passages  to  the  cylinder  are  seen  at  (d),  RabWr 
cushions  in  the  cylinder  (in)  and  valve  cylinder  (m^  proteck^i 
by  a  nictal  disk  (n).  At  (1)  is  ^een  a  tinted  socket  (e)  screwed 
into  the  lop  part  of  the  piston,  and  corresponds  with  the  tttiled 
stem  (k)  which  passes  through  the  socket  At  (o)  is  seen  the 
packing  arrangement,  and  at  (p)  the  clamp  for  holding  the  drill 
bar.  The  cylinder  is  provided  with  a  »eat  for  a  steam  che^t  ^ 
its  centre,  m 

In  Fig,  4  w^e  Bee  the  induction  port**  (a)  to  the  main  rylindef 
and  exhaust  port  (b)  to  same,  also  the  eduction  port^  to  the  valve 
cylimler  (c).  The  steam  chest,  Pig,  5,  ia  made  to  cover  these  ports. 
It  contains  two  ports  (c*),  which  by  passages  formed  in  it,  com- 
municate with  the  ports  of  the  large  cylinder.  The  ports  (c),  Fig. 
4,  are  covered  by  the  ports  (c*)  in  Fig.  5.  These  two  extra  ports 
and  passages  serve  as  eduction  ports  for  the  small  cylinder  con- 
taining the  piston  valve,  and  which  is  formed  in  the  steam  che^ 

The  valve  here  employed  is  of  peculiar  construction,  it  being 
shown  in  section  in  Fig.  2  and  Fig.  6  at  (g).  It  will  be  seen  that 
the  valve  is  cylindrical  in  form,  having  projecting  flanges  at  its 
ends,  said  flanges  being  enough  smaller  than  the  interior  of  the 
cylinder  in  which  it  moves  to  allow  sufficient  steam  to  pass  them, 
from  the  reduced  portion  at  its  centre,  to  move  the  valve  firom 
end  to  end  of  its  cylinder,  as  the  steam  is  exhausted  from  the 
ends  thereof,  as  will  be  presently  described.  That  portion  of  this 
valve  which  is  in  contact  with  the  inner  surface  of  the  cylinder, 
or  which  is  nearest  to  the  main  cylinder,  has  a  projection  formed 
upon  its  central  portion,  which  is  provided  with  a  cavity  (b), 
which  in  operation  registers  with  the  exhaust  ports  of  the  main 
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■cylinder  seen  at  (b,  b'),  Figs,  4, 5.  The  smaller  j)orts  on  each  sida 
[of  the  exhaust  are  induction  i>c^rts  (a,  aV),  Figi^.  4, 5,  and  when  the 
imachine  is  in  oji^ration,  register  alternately  with  the  induction 
Ipfjrts  to  the  main  cylinder  (a),  Figs.  2,  4,  5. 

Id  onler  that  the  valve  may  be  made  of  such  diameter  as  to 
liUhiw  the  Bteani  which  operates  it  to  pass  from  tlie  reduced  par- 
[tion  between  the  flanges  (e),  Fig,  2,  to  the  ends  of  the  vtdve 
[cylinihtr,  and  still  l>e  retained  in  working  contact  with  its 
[cylinder;  a  rod  or  bolt  is  pajssed  tlirough  its  centre  in  the  direc- 
tion of  il<  line  of  movement,  upon  which  the  valve  .^Ude.^,  and  by 
iwhirti  it  ia  to  some  extent  guirletl.  The  bolt  also  serving  to  hold 
[the  heads  of  the  valve  cylinder  in  stcnin-tight 

To  prevent  this  valve  from  being  injured  and  from  injuring 
the*  heads  of  the  cylinder  in  which  it  moves,  cushions  of  rubber 
rare  placed  in  each  end  of  the  cylinder  and  ai-ound  the  rod ^  as 
l^hown  in  Fig,  2,  by  which  the  movement.*!  of  the  valve  are  ar- 
|rei<ted  at  each  terminus  of  its  stroke,  without  any  jarring  or  other 
[injurious  effect. 

Tlie  main  piston  is  formed  of  steel,  the  piston  rod  is  attached 
[to  it  and  passes  througli  the  lower  head  of  the  eylinderj  carrying 
il  its  extremity  a  clamp  for  holding  the  drill 
The  drawing  shows  a  piston  of  siiffieient  length  to  admit  of 
I  there  being  formed  at  its  centre  a  cavity  of  sucli  a  length,  that 
I  when  the  piston  has  reached  the  terminus  of  its  stroke  in  either 
direction,  the  cavity  will  still  register  with  the  ports  leading  from 
tlie  steiun  cliest,  seen  in  Figs,  3, 4,  5  (c*|,  and  thus  aliow  the  steam 
from  the  valve  to  l>e  exhausted  therein.     The  ends  of  the  piston 

iare  provided  with  packing  rings  to  prevent  the  passage  of  steam 
from  the  en  (Is  of  the  cylinder  into  the  cavity  in  the  centre  of  the 
piston. 
The  clamp  (p)  which  holds  the  drill  rod,  has  flanges  or  ears 
through  which  bolts  are  *passed,  for  the  purpose  of  causing  it  to 
cla^p  the  drill  shank,  being  further  provided  by  a  slit,  by  which 
tbi^  may  be  acoomplished, 

Ttie  action  of  the  valve,  piston  ami  drill,  will  h^  as  follows: 
The  parts  being  arranged  for  operation,  steam  or  compressed 
I  air  iii  admitted  to  the  steam  cheat,  througli  the  opening  in  ita 
side,  and  passes  directly  to  the  cavity  formed  between  the  two 
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flanges  on  the  ends  of  the  valve.  If  at  tins  stage  of  the  operation 
the  valve  is  placed  at  one  end  of  its  cylinder,  the  steara  will  be 
exhausted  at  its  opposite  end,  and  the  resistance  to  itJ?  Tiiovemrnt 
in  that  direction  being  removed,  the  steam  will  rush  past  th« 
flangti  nearest  to  the  end  of  the  cylinder,  and  fore©  the  valve  in 
the  opposite  direction;  its  movement  being  controlled  hv  tb 
cavity  in  the  main  piston^  which  is  of  sucli  a  length  as  tu  prevent 
the  valve  from  being  shifted  in  the  opposite  direction,  until  tW 
main  piston  lias  readied  the  end  or  nearly  the  end  of  ils  sjtrob, 
when  it  will  uncover  the  exhaust  port  of  the  valve  cylinder  m 
which  the  steam  is  confined,  and  the  steam  contained  thema 
will  pass  into  one  of  the  ports  shown  at  (c*),  Fig.  5^  thence  to  tk 
opposite  end  of  the  chest,  from  wliieh  it  will  pass  through  the 
ports  (c),  Figs,  4,  2,  to  the  cavity  in  the  piston  (f).  Fig.  2.  By 
this  arrangement  the  valve  is  made  to  move  autoniiitically.iind 
is  controlled  as  to  the  time  of  its  movement  with  reference  to  the 
main  piston,  by  said  piston,  and  witliout  having  any  niecltaiiical 
connection  therewith.  We  thus  see  that  there  are  but  two 
quickly  moving  parts,  and  these  are  so  arranged  as  to  he  sub- 
jected to  the  least  possible  wean 

Being  composed  principally  of  steel,  and  all  its  parts  compactly 
arranged  and  simple  in  construction,  these  drills  should  last  for 
years  without  repair.  The  rubber  cushions  being  the  most  sus- 
ceptible parts  about  them  to  wear,  will  have  to  be  renewed  from 
time  to  time,  especially  if  steam  is  used. 

The  heaviest  size  manufactured  does  not  exceed  600  Bbs.  in 
weight,  while  the  smallest  size,  2J  inch  cylinder,  weighs  but  100 
lbs.,  including  tripod. 

To  give  an  idea  of  the  particulars  of  the  drill  as  manufactured, 
we  will  select  the  largest  size  cylinder,  inside  diameter  5  inches,' 
length  of  stroke  6  inches  to  7  inches,  length  of  feed  2  feet  9 
inches.  Depth  of  hole  the  machine  will  bore,  40  feet.  Diameter 
of  hole  it  is  capable  of  boring  3  to  6  inches.  Average  boring 
done  in  granite  per  10  hours,  70  to  80  feet.  Average  length  of 
boring  in  hard  trap  per  10  hours,  30  to  40  feet.  Length  of  ma- 
chine over  all,  5  feet. 

The  largest  size  drill,  5  inch  cylinder,  is  reckoned  to  do  the 
work  of  from  twelve  to  twenty-five  men  at  hand  drilling,  and  it 
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las  been  said  to  equal  in  effectiveness  the  labor  of  forty  men, 
mder  particularly  fkvorable  conditions. 

Thb  drill  as  it  is  fed  forward,  moves  in  a  trough  or  carriage^ 
Old  for  vertical  drilling  in  the  rock  below  or  overhead,  as  in  gad* 
ing  or  gtoping,  it  is  fastened  to  a  tripod,  whose  legs  are  capa- 
ble of  adjustment  to  the  inequalities  of  the  surface  pf  the  rock,  and 
irhich  are  weighted  at  the  bottom  to  give  stability  while  at  work. 

Seen  at  a  distance  boring  into  the  rock  below  w^ith  the  tripod 
egs  extendedj  it  resembles,  for  all  the  world,  an  over-grown  mos- 
quito with  its  proboscis  in  the  earth,  boring  vigorously.  It  seems 
Itrangt^-  at  least  a  pity,  that  so  useful  a  machine  as  the  percussion 
lock  drill  should  not  liave  had  a  more  romantic  origin,  as  has 
been  the  case  with  so  many  useful  machines.  The  most  of  us 
lave  calmly  observed  this  deni?,en  of  the  sea-shore,  as  he  cooly 
kiisee  himself  upon  our  hand,  and  adjusts  his  proboscis  to  a  con- 
ranient  angle,  and  then  with  a  rapid  percussive  motion  penetrates 
be  Bkin,  yet  none  of  us  thought  to  take  the  hint  and  construct  a 
Jock  drill  upon  tliis  principle.  It  would  at  least  have  removed 
bom  the  mosquito  the  imputation  of  having  been  created  for  no 
[ood  purpose. 

When  used  in  a  small  tunnel  as  a  drift  or  leveb  a  steel  column 
ll  firmly  screwed  against  the  roof  and  floor  (within  a  few  feet  of 
he  heading),  by  means  of  an  adjusting  screw  with  which  it  is 
provided,  and  the  carriage  containing  the  drill  clamped  to  this 
iDlnmn,  enabling  holea  to  be  bored  either  along  the  roof  or  floor. 
'hen  before  the  blast  the  column  and  drill  can  be  quickly  and 
lonveniently  removed. 

To  facilitate  the  removal  of  the  drill  and  column  for  a  blast, 
lie  column  is  sometimes  mounted  upon  a  small  carriage,  w^hich 
B  easily  wheeled  out  of  the  reach  of  the  shot,  and  then  by  throw- 
Ug  to  one  side  the  di^bris,  it  may  be  pushed  up  to  the  face  of  the 
leading  again. 

For  large  tunnels  a  wooden  frame  carriage  is  employed,  carry- 
ng  a  horizontal  column,  on  which  may  be  clamped  several  drills^ 

For  sinking  shafts  and  narrow  trenches  in  rock,  an  iron  or 
tleel  column  is  used,  bearing  against  the  sides  of  the  excavation. 
to  this  the  drilling  machine  is  clamped* 

These  drills  have  been  found  to  be  very  effective  in  boring 
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blast  holes  under  water,  as  in  the  cases  of  removal  of  harbor  ob- 
structions, various  expedients  being  re^^rted  to  for  supporting 
the  drill  while  working.  In  shallow  water,  a  tripod  wilh  long 
legs  capable  of  adjustment  to  the  uiievt  ii  rock  surface  is  eoi' 
ployed.  In  deep  waters,  temporary  portable  platforms  are  used 
to  support  the  jjrill  and  workmen. 

This  drill  representing  the  latest  stage  of  the  rock  drill ,  it  he- 
comes  interesting  to  conjecture  what  will  be  the  characteristics  of 
the  next  great  drill,  that  will  be  destined  to  form  another  epoch 
in  this  branch  of  engineering. 

St.  Gothard,  Mt.  Cenis  and  Hoosac  Tunnels  will  not  alwaj^  re- 
main chief  of  their  class.  Works  involving  mining  operations 
will  undoubtedly  be  prosecuted,  which,  for  stupendousness,  will 
eclipse  all  that  has  yet  been  attempted.  Among  these  may  be 
mentioned  the  long  talked  of  Channel  Tunnel ^  designed  to  be 
twenty  miles  long,  and  the  enormous  cutting  involved  in  the 
projected  tide  level  canal  at  Panama,  if  that  plan  is  carried  out 

We  have  seen  how  the  Hoosac  Tunnel  was,  by  a  machine  drill^ 
completed  in  five  years  instead  of  twelve,  as  xrould  otherwise 
have  been  required.  Also  that  the  latest  drill  is  capable  of 
trebling  in  effectiveness  the  drill  at  Hoosac;  and  the  question 
arises,  will  this  drill  meet  the  requirements  of  the  stupendous 
works  of  the  future,  or  will  a  new  and  more  powerful  drill  arise 
on  another  principle? 

Shall  we  have  an  enormous  drilling  machine  which  shall  per- 
sistently bore  away  with  a  rotary  or  a  percussive  motion,  that 
shall  be  capable  of  steadily  moving  forwanl,  day  after  day,  ex- 
cavating a  clean  cylindrical  hole  of  the  full  diameter  of  the 
tunnel,  thus  enabling  us  to  discard  explosives  and  their  attend- 
ant risks,  particularly  in  the  case  of  sub-marine  excavations? 
Perhaps  this  is  looking  too  far  into  the  future,  but  no  one  nill 
have  the  presumption  to  limit  the  possibilities  of  engineering 
works  in  view  of  the  developments  that  have  taken  place  during 
the  last  decade  and  a  half. 
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A  MACHINE  FOR  THE  SOLUTION  OF  THE  EQUATION  OF 
THE  NTH  DEGREE. 

By  Frank  T.  Fbeelant>,  Memlier  of  the  CInb. 
B&xd  Mart-h  3CfA,  1880, 

Of  the  continuous  calculating  machines  devised  by  Sir  Wil- 
liam Thompson  and  Prof.  James  Thompson,*  there  ia  one  for  the 
solution  of  n  linear  equations  between  ii  unknown  quantities  and 
its  construction  suggests  a  machine  for  the  rational  integral  equa- 
tion of  nth  degree, 

C„-r*  +  C\x^'     ,...-.+  C,x  +  C«  =  0 

The  method  to  be  used  is  obvious,  and  probably  the  reason  it  has 
not  been  previously  employed,  is  that  the  linkages  for  the  succes- 
sive powers  were  undiscoveredj  w^ith  the  O'xception  of  Prof,  Sylves- 
ter's linkages  for  the  square  and  cube  and  their  combinations  for 
the  the  4th,  6th,  .  .  .  f  rds  .  .  »  powers  or  in  general  ±  2^3"  power, 
where  |J  and  q  are  real  positive  or  negative  integers.  The  forma- 
tion of  the  linkages  for  any  power  has  been  explained  in  a  paper 
read  before  the  Club,  January  ITth,  ISSO,  and  published  else- 
where.f 

Let  there  be  n  straight  levers  Li^  L^  ,  .  .  in  so  connected  by 
linkage  that  a  displacement  x  of  L^  at  a  unites  distance  from  the 
fulcrum  produce  a  displacement  x^  of  L^  .  .  .  and  a;"  of  L^. 

On  each  lever  as  L^  let  there  be  a  pulley  P^  whose  axis  may  be 
adjusted  parallel  to  and  at  a  distance  i  C_k  from  the  axis  of  L^. 

Let  a  flexible  inextensible  cord  have  one  end  fastened  to  a  fixed 
point  /'and  passed  around  P^^P^^  .  .  ,  P,  in  any  order  in  which 
a  pc*sitive  displacements  would  produce  a  maximum  increase  in 
the  length  of  the  cord  contained  in  the  system  when  C,^ . .  ,  C\  are 
positive*  Make  the  two  portions  of  the  cord  as  it  leaves  P^  paral- 
lel, [>crpendicular  to  L%  and  on  the  same  side  of  it,  using  fixed 
pulleys  to  change  the  direction  of  the  cord  if  necessary.  Let  the 
cord  after  it  leaves  the  system  be  furnished  with  a  pointer,  put 

♦  Thompwin  nad  Tail,  Nalu.nd  FhUmophy.  New  edition*  Appendix  B\  Vol.  I, 
Pui  r,  p*  478, 

t  Amjerkni^  Jottrnai  of  Mathem&iicif  Vol.  Ill,  Nop  2. 
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under  a  slight  tension  and  brought  parallel  to  a  scale  whose  units 
are  the  same  as  those  of  z. 

If  the  lever  Li  is  displaced  a  distance  x,  the  pointer  will  move 
through  a  distance 

+  C,x^  +  Cix-^ +  C.^2  +  c^^^, 

and  if  the  pointer  had  been  previously  adjusted  so  as  to  read 
H  Cn  it  would  now  indicate  0  whenever  x  passed  through  a  real 
root  of  the  equation  or  by  a  change  of  direction  the  real  term  of 
a  pair  of  imaginary  roots. 


Description  of  a  Machine  for  the  Solution  of  the  Qmdratic  Equation 
in  its  Simplest  Form. 
Let 

a;2  +  CiX  +  Oj  —  0 
be  the  given  equation.    The  linkage  used  for  the  square  is  that 
of  Prof.  Sylvester.*    In  Fig.l  let  0  be  a  fixed  point,  OB  a  link 
of  a  length  a,  C  its  middle  point,  CD  a  link  of  a  length  ia,  OD  a 
fixed  line  in  which  the  point  D  moves.    Let  0  =  the  angle  A  OB, 

Then 

AD  =  a  vers.  0  (1) 

and 

AB  =  2a  sin.  ^0  (2) 

Eliminating  6  between  (1)  and  (2) 

{ABy  =  2a  AD  (3) 

and,  if  a  =  J.  then 

(ABy  =  AD, 
and  the  displacement  of  D  is  equal  to  the  square  of  the  displace- 
ment of  B, 

In  this  machine  the  unit  of  measurement  for  x  is  ^",  and 
hence  if  AB  and  AD  are  given  in  20th's  of  an  inch 

(20  AB)^  =  20  2a  (20  AD) 
and  if  20  AB  =  k  and  20  AD  =  I,  then 

k^  =  40  al 
But  a  has  been  taken  at  2 J",  hence 

k^  =  100  I 
and  the  displacement  of  D  must  be  multiplied  by  100  in  order  io 
be  equal  to  the  square  of  the  displacement  of  B. 

*  American  Journal  of  Mathematics,  Vol.  I,  No.  4,  p.  386. 
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In  Fig*  2  the  general  elevation  of  the  machine,  OG  ^a  =  2.5'', 
a' 
OC  ^=  -g-  =  15^'  or  a'  =  30"  and  the  motion  is  multiplied  in  the 

ratio  of  30  :  2.5.  The  coefficient  of  x^  is  unity  and  EF—  |  and 
is  equal  to  12i",  hence  unity  will  correspond  to  25'',  and  as  DE 
ss=  3''  the  motion  is  further  multiplied  in  the  ratio  25  :  3,  or  in 

all  25  "3~  ^  100  times.    Therefore  the  displacement  of  DF,  26^' 

from  ^  will  be  the  square  of  the  displacement  of  G,  both  being 
taeasured  in  20tli^s  of  an  inch. 

In  Flff.  2  a  standard  l\  rising  from  the  base  F,  is  shown. 
Pivoted  to  it  at  0  is  a  bar  JK  with  a  projection  CO.  On  V  at  E 
is  pivoted  a  bar  DEF,  A  link  CD  connects  C  and  D,  When  JK 
is  horizontal  0,  C  and  I)  are  in  a  strfliglit  line  and^'Fis  horizon- 
tal, DE  being  perpendicular  to  DO.  LSfiB  a  bar  fixed  to  the 
standard,  J/iand  iJf  are  fitted  with  ways  on  which  slide  the 
blocks  £1  and  /  shown  in  cross-section  in  Fif/.  4.  The  block  // 
carries  a  single  pulley,  and  the  block  /,  the  reel  Q  and  the  pul- 
leys J?,  A  projection  of  the  fixed  bar  Xif  at  Z  carries  four  pul- 
leys and  the  bar  DEFni  /''one.  iVis  a  vertical  scale  graduated 
into  20th's  of  an  inch.  T  is  a  cord  starting  from  the  reel  Q  and 
then  around  in  succession  the  pulleys  H,  R,  Z,  P\  Y^  and  is 
stret-ched  by  a  small  weight  P^  sliding  upon  the  scale  N, 

In  Fig,  5  is  shown  a  partial  rear  elevation,    J 5  is  a  rod  pivoted  J 
to  the  arm  LM  at  A^  25''  from  S,  sliding  under  an  index  at  JT, 
on  the  lever  JA'  and  furnished  with  a  scale  graduated  into  one- 
half  inches,  thus  giving  the  value  of  x  directly,  as  J :  ^  : :  25  :  2.5. 
When  the  bar  JKis  horizontal  the  index  points  to  0,  or  x  =  0. 

To  show  the  oj.>eration  of  the  machine  suppose  the  equation  to 
be  solved  to  be 

x^  —  1^^  50  =  0 
1st.  Set  the  bar  JK  at  0. 
2<L  Set  the  blocks  H  and  I  opposite  the  number  corresponding 
to  the  coefficient  of  x,  in  this  case  —  15  (see  Fig\  2). 

3ii  Turn  the  reel  one  way  or  the  other  until  the  pointer  upon 
the  cord  near  P  comes  opposite  the  absolute  term  of  the  equation, 
in  this  case  +  50  (see  Fig,  3.) 

4th.  Move  the  bar  JK  one  way  or  the  other  until  the  pointer 
upon  the  cord  comes  opposite  the  zero  of  the  scale  N. 
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5th.  Read  the  scale  at  X  and  it  will  give  one  of  the  real  roots 
of  the  equation. 

In  general  there  will  be  two  positions  of  the  bar  which  will 
bring  the  pointer  to  zero.    In  this  case  we  find  x  =  +  5  or -(-10, 

The  model  gives  the  real  roots  of  quadratic  equations  when 
numerically  less  than  10  and  when  the  coefficient  of  j:  is  nuTiieri* 
cally  less  than  20,  but  a  machine  with  a  greater  range  could  b« 
readily  constructed. 

In  this  instance,  imaginary  roots  can  also  be  easily  obtaine«3^ 
If  2/  =  the  distance  of .  the  pointer  from  the  zero  of  the  sc^le  -^^\ 
then 

y  =  z^  +  C^x+  C^ 
the  equation  of  a  parabola  with  its  axis  vertical.    Putting  y  =      0 

C  ^ 
When  C2  >  — i—  the  pointer  cannot  be  made  to  come  to  zeic^* 

Putting 

the  coordinates  of  the  point  in  the  curve  nearest  the  axis  of  a:  are 
Q  Q  2       Q  2  Q  2 

x  =  —  Y  and  2/  =    4    —  '  2    +  C'2  =  C2  —  -j- 

or,  the  distance  of  the  pointer  from  zero  when  nearest  to  it  gives 
the  quantity  under  the  radical  and  after  the  negative  sign  in  the 
pair  of  imaginary  roots. 

APPENDIX. 

Note  I. — Historical  Sketch  of  the  Problem.  Clairaut*  (1713-65) 
effected  the  mechanical  solution  of  the  equation  of  the  nth  degree 
in  a  simple  and  ingenious  manner  by  the  use  of  rods  not  forming 
a  linkage. 

The  theory  of  the  machine  may  be  briefly  given  as  follows:— 
Let 

a  +  bx  +  cx'^  +  dx^  +  etc.  =  0 
be  the  given  equation.     Take  two  straight  lines  ZZ  and  SS  inter- 


*  Borgnis,  Traitc  complet  de  mecaniqu€j  t.  Des  machines  imitativeSj  p.  226.      Paris, 
1820. 
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secting  at  right  angles  at  0  {Fi§.  6).  Let  OZ  be  the  axis  of  x. 
Draw  MM  parallel  to  SS  and  intersecting  OZat  V,  and  let  OV 
—  X.  Draw  MR  parallel  to  SS  and  at  a  distance  unity.  Lay  off 
OAf  AB,  BC  and  VD  proportional  to  a,  i,  c  and  d,  the  coetiicicnts 
of  the  powers  of  x.  Draw  DE  parallel  to  OZ.  Draw  CE  and  call 
Q  the  point  of  intersection  with  3IM.  Draw  A^/^  parallel  to  OZ 
through  the  point  (/,  and  repeat  the  operation  until  the  last  point 
of  interBection  T 13  obtained. 

Now  OA  =  a,  AS  =  i,  B0=  e,  CD  =  d  and  0V=  DM  =  x, 
DE  ^  1,  ME  =  1  —  k  By  the  similar  triangles  DEC  and  MEQ, 
MQ  =  DK=  d{l—2l 

KB  =  BC  +  CD  —  Z>/v  =  e+d  —  d{X~x)  =  c  +  ete. 

By  the  similar  triangles  KFB  and   QFP, 
PQ  =  KL  =  (e  +  dr)  (1  — 4 

But  AL  ^AD  —  DK—  KL  - 

6  4^  c  +  d  —  d  (1  —  jr)  —  {c  +  fijt)  (1  —  2:)  ^  A  -h  a:  +  (fe«. 

Finally  the  similar  triangles  LGA  and  PGT givB 
PT=(b  +  cx+  dx^)  (1—4 

But  FT  ^  T^—  Jf(?  —  QP  —  PT^ 

a  +  fi  +  c  +  d  —  d  (1  — 3^)  —  (c  +  (fc)  (1  —  ar) 

—  (6  +  a;  +  cir3)  (1  —  a*)  =  et  +  6^  +  ea?'*  +  dx^. 

Therefore  when  V^T—  0,or  when  the  point  T  coincides  witli  l\ 
the  distance  OK  measured  by  same  scale  used  in  laying  off  OA 
=^  a;  will  give  one  of  the  roots  of  the  equation. 

The  analytical  engine  invented  by  Charles  Babbagej*  in  1834, 
was  designed  to  calculate  the  series  of  results  obtained  by  sub- 
Btitnting  successive  numerical  values  in  an  algebraic  expression, 
and  was  to  be  provided  with  means  for  indicating  critical  points 
in  the  series. 

If  the  expression  were 

y  =f{^)  ===C^+  Ciar^    •    .    .    +  a^t  ^  +  a 
then  the  machine  would  calculate  y  for  successive  numerical 
Talues  of  X,  and  would  cause  a  bell  to  strike  and  stop  itself  if  1/, 
while   numerically   decreasing,  changed   sign.     The  attendant 
would  then  know  that  y  had  passed  through  zero  and  that  a  root 

*  Babbftge,  B^imffcs  from  the  Life,  of  a  ^uiomph^^  p^  112.     London,  1804, 
See  ntfto  Metiubra,  Shick  of  the  Anatiftietil  Engine  invnUed  by  CharlrM  Bfihbftfie,  Enq. 
I  {In  Scifntijk  Mcmmn^  edited  by  Ekhard  Tjtvior^  Vol.  HI,  p.  G06,    London,  1843.) 
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of  the  equation  must  lie  between  the  last  value  of  x  and  the  pre- 
ceding one. 

DeRoos"*"  made  known,  in  1879,  a  method  for  the  solution  of  {£ie 
equations  of  the  second  and  third  degree  by  linkages  alone,  and 
states  that  he  believes  it  is  possible  to  construct  analogous  com' 
binations  for  the  higher  powers. 

If  the  attempt  is  made  it  will  be  found  to  be  impossible  with 
the  present  knowledge,  and  that  there  is  need  of  a  linkage  which 
will  enable  us  to  transport  a,  dimension  parallel  to  it^lf  withoat 
conditions,  and  also  a  linkage  for  the  product  of  two  quantities. 

Note  II. — The  Transporter.  A  linkage  for  transporting  a  di- 
mension parallel  to  itself  without  conditions,  may  be  formed  by 
taking  two  bisectors  and  joining  their  bisecting  points. 

In  Fig.  7  let  ACE  and  BCD  be  the  bisectors  joined  at  C,  and 
let  ABhe  the-  given  distance,  then  DE  is  equal  and  parallel  to 
AB,  for  BC=CD,AC=  CE  and  <  ABC  =  <  DCE. 

The  revolution  of  a  variable  dimension  through  a  variable 
angle  can  be  accomplished  by  Prof.  Cayley's  octagon.f 

Note  III. — Linkage  for  the  Product. 

Let  k  and  I  be  the  two  given  quantities.  Form  (k  +  I)  and 
(k  —  l)  and  then  their  squares  {k  +  l)^  and  {k  —  l)^.  Subtract 
the  second  square  from  the  first  and  J  of  the  difference  will  be 
the  required  product,  for 

ii{k  +  i)^-{k-i)^:\  =  ki 

The  combination  will  consist  of  3  bisectors  and  2  linkages  for 
the  square,  of  5  cells  each,  together  13  cells  or  78  links. 

Note  IV. — Extension  of  the  Method  of  DeRoos  to  the  Solution  of 
the  Equation  of  the  Fourth  and  Higlier  Degrees. 
Let 

C^x^  +  C^x^  +  C^x^  +  C3X  +  C4  =  0 
be  the  given  equation.     By  the  theory  of  equations,  when  Cq  =  1 
and  a,  6,  c,  and  d  are  the  roots  of  the  equation, 
_Ci  =a  +  b  +  c  +  d 

C2  =  cd  +  ab  +  a^  -\-  bd  -\-  be  +  ad 

*  DeRoos,  LinkageSf   Van  Nostran^s   Engineering  Magazine^  Vol.  XXI,  p.  246. 
New  York,  September,  1879. 
Or,  DeRoos,  Linkages^  p.  28,  Science  SerieSj  No.  47.    Van  Nostrand,  New  York,  1879. 
t  American  Journal  of  MalhematicSf  Vol.  I,  No.  4,  p.  386. 
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— Cg  =  oic  -f  aid  +  ucd  -j-  bed 
C'4  =^  abed 
Take  four  positive  Peaucellier  cells  of  a  power  ahcd.    Suppos 
the  arma  to  be  uhc^  d;  ahd,  c;  acd^  h^  and  bed,  a.    Articulate  tli 
cells  in  such  a  way  that  the  distance  between  two  of  the  poiiita 
of  the  linkage  will  be 

—  C3  ^^  ahc  +  abd  +  acd  -\-  bed 
Fix  one  of  these  points.     By  the  use  of  three  transports  bring  the 
dimeiidons  a,  t,  e  and  d  into  successive  positions  on  the  line  join-' 
ing  the  two  points  measuring  from  the  fixed  point,  thus  giving 
—  C\=a+6  +  c  +  d 
Take  three  negative  Peaucellier  cells  of  a  power  oAcd,  and  sup- 
pose the  arDis  to  be  erf,  a&;  m^  hd;  be,  ad-    Articulate  the  cells  in  i 
such  a  way  that  the  distance  between  two  of  the  points  of  the 
linkage  will  be 

C^^  cd  +  ab  +  m  +  bd  +  be  +  ad 
Espr^s  kinematically  the  conditions 

a  X  (b  +  c)^  ub  +  ac 
dX{a  +  c)  =  ad  +  cd 
bx{c  +  d)  =  bd  +  be 
and  axbXcXd  =  abed  =  C4, 

which  require  in  all^  6  product  linkages  and  5  transporters. 

The  compound  linkage  will  then  consist  of  7  Peaucellier  cells, 
8  transport ei*s  and  6  product  linkages;    101  cells  or  60G  links. 

To  solve  the  given  equation  it  will  only  be  necessary  to  make 
the  distances  ^ —  C^,  Cj, —  C3  and  C^  numerically  equal  to  the 
eorres{K>nding  coefficients  of  the  equation,  and  then  to  measure 
off  the  nutncrical  values  of  the  roots  from  the  distances  a,  6,  c 
and  rf. 

The  method  can  be  readily  extended  to  equations  of  higher 
degrees. 

Tliese  linkages  will  not  give  imaginary  roots,  and  only  the  real 
roots  of  eciuations  which  have  no  imaginary  roots. 
Pkilada.,  Fdmutry  23rf,  1880. 
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THE  MEXICO  AND  VERA  CRUZ  RAILROAD. 

By  Ck)LEMAK  Sellers,  Jr.,  Member  of  the  Club. 
B^d  AprU  I7th,  1880. 

It  is  seldom  that  a  railroad  has  such  a  combination  of  difficul- 
ties to  contend  with,  as  beset  the  early  days  of  that  which  now 
runs  from  Vera  Cruz  to  the  city  of  Mexico.  Not  only  did  the 
climate  and  the  natural  difficulties  of  the  route  present  almost 
insurmountable  obstacles,  but  all  sorts  of  adverse  political  and 
social  influences  had  to  be  met  and  overcome.  And  the  task  was 
rendered  no  easier  by  the  fact  that  stability  of  government  has, 
as  yet,  been  unattained  in  Mexico ;  and  that  throughout  the  history 
of  the  railway,  its  progress  languished  under  a  succession  of 
governments,  and  its  growth  was  in  spite  of  revolutions  and  re- 
bellions whose  occurrence  was  quite  a  matter  of  course. 

The  need  of  a  better  mode  of  communication  with  the  seaboard 
than  that  afforded  by  the  slow  mule  team  must  have  been  early 
felt,  and  as  far  back  as  1837,  we  read  that  a  certain  Don  Fran- 
cisco Arrillaga  sought  and  obtained  the  exclusive  privilege  to 
construct  an  iron  tramway  from  Mexico  to  Vera  Cruz,  with  a 
branch  to  Puebla.  The  main  line  was  expected  to  be  72J  leagues 
long,  and  to  cost  $5,000,000,  while  the  branch  to  Puebla,  about 
45  kilometers  long,  was  to  cost  $500,000.  Nothing  appears  to 
have  been  done  at  this  time,  however,  and  the  project  next  ap- 
peared in  public  in  1842,  when  Santa  Anna,  then  President  of 
the  Republic,  granted  a  new  monopoly;  but  the  seven  years  end- 
ing in  1849  found  no  more  than  one  league  of  track  completed. 
In  1855  Santa  Anna  transferred  the  privilege  to  the  brothers 
Mosso.  In  1857  Antonio  Escandon  bought  the  right  to  build  a 
railroad  from  Vera  Cruz  to  the  Pacific ;  and  he  appears  to  have 
called  to  his  aid  a  Colonel  Talcott  and  other  American  engineers, 
several  of  whom  fell  victims  to  the  climate  of  the  tierra  caliente. 
A  revolution  that  same  year  put  a  stop  to  further  progress. 

In  1861  a  new  government  renewed  to  Escandon  his  concession, 
but  obliged  him  to  undertake  also  a  branch  road  to  Puebla.    In 
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J  Egcaiidon,  who  was  prominent  in  fomenting  the  European 
nvasion,  (being  one  of  those  who  in\nted  Maximillian  to  the 
JjTone)  transferred  his  concession  to  what  was  called  the  Imperial 
Mexicflu  Co.  Work  now  conimoneed  with  some  sort  of  vigor; 
tndthe  re-^tablishment  of  the  Kepublie  found  fifty  miles  at  the 
Jower  end,  and  eighty-eight  at  the  upper  end  completed.  Of 
course  the  first  act  of  the  restored  government  in  1S07,  was  to  de- 
prive the  company  of  its  concession,  because  *4t  had  contracted 
witii  a  government  whieh  the  French  intervention  had  the  pre- 
tention to  establish  in  Mexico.** 

But  in  18GS  the  eoncesgion  was  reconfirmed,  and  various 
JAmerican  and  English  engineers,  Buehananj  Foot,  Murray,  Hill, 
Priiigle,  Jackson  and  Braniff,  together  with  a  number  of  Mexi- 
cans  were  employed  by  the  company  or  its  contractors,  and  on 
the  \dot  January,  IST^i,  the  road  was  formally  opened  by  Presi- 
pit  Lerdo. 

^*nius,  after  thirty  years  of  varied  fortunes  during  which  it 
passed  under,  or,  as  has  been  said,  suflered  under  foi*ty  presiden- 
deaand  one  empire,  the  road  was  at  last  completed.  What  it 
cost  the  bondholders,  most  of  whom  were  in  England,  I  do  not 
kmiw,  but  up  to  the  30th  of  June,  1874^  the  Mexican  government 
ittfl  |>aidout,  it  is  said,  $12,573^095.  In  1879  the  road  was  pay- 
iDg  interest  on  its  bonds;  but,  of  eourse,  had  never  declared  a 
dividend,  ahhough  this  was  in  a  measure  due,  perhaps,  to  the 
fact  ilmt  the  Government  had  negleeted  for  many  months  to  pay 
Uie  concession  for  which  it  bad  pledged  itself. 

It  maybe  said  in  passing  that  the  Mexican  government  derives 
it3  revenues  almost  wlioUy  fronj  customs  duties,  on  both  imports 
find  exix>rts ;  and  this  is  true  not  only  of  the  Federal  government, 
but  also  of  States  and  municipalitit^s,  and  goods  destined  for  the 
leiDol^  interior  are  compelled  to  pay  a  succession  of  customs 
charges,  as  each  petty  state  or  town  chooses  to  levy  its  toll.  This 
Wt^^rtitnarif  method,  and  when  its  proceeds  are  insufficient  to 
Wfty  the  expenses  of  the  de  facto  government,  a  *' forced  loan" 
1«  exacted;  and  it  now  and  then  happens  in  tlieir  numerous  civil 
^^^t  that  a  city  will  change  hands  two  or  three  times  in  succes- 
^ion*  Biid  be  compelled  to  contribute  fii-st  to  one  and  then  to 
wjotber  uf  the  struggling  aspirants. 
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When  the  Federal  government  grants  a  subsidy  or  coiiees^jo 
it  usually  sets  aside  a  portion  of  the  revenues  of  some  port 
entry  to  meet  the  instalments  as  they  become  due.    A^ 
government  rather  readily  grants  these  monopolies,  it  sometiE 
happens  that  the  revenues  are  entirely  uaalde  to  fulfil  whiit  1 
required  of  them,  and  hence  the  subsidies  remain  unpaid. 

The  railroad  from  Vera  Cruz  to  Mexico  is  a  single  track  roa4 
260  miles  long,  and  is  undoubtedly  a  fine  piece  of  engineeriug. 
It  passes  through  the  hot  and  nearly  level  coast  country,  cliiiiUi 
4000  feet  into  the  fertile  intermediate  valleys,  then  as  many  feet 
more  to  the  top  of  the  Combres  in  the  second  range  of  mountainsi 
then  gradually  descends  as  it  cros^sea  the  plateau  and  readies  the 
city  of  Mexico  at  about  7600  feet  above  sea  leveL  The  highest 
point  on  the  road  is  about  8200  feet  above  the  sea.  The  road 
ascends  6500  feet  in  sixty  miles,  and  in  one  place  climbs  201H[»  ft^ 
in  fifteen  miles.  It  is  on  these  steep  inclines  that  the  most  diffi- 
cult engineering  problems  were  met  mul  overcome.  There  are 
no  very  long  tunnels;  but  there  are,  I  think,  some  seventeen  or 
eighteen  short  ones,  some  of  these  are  on  the  steop  inclines,  and 
in  at  least  one  case  the  tunnel  is  both  inclined  and  curved  with 
a  reverse  curve.  This  occurs  on  a  gigantic  horse-shoe  bund,  at 
the  apex  of  which  is  an  iron  bridge  on  a  heavy  grade  and  curved 
to  a  radius  of  352  feet.  The  road  strikes  one  as  being  well  and 
thoroughly  built,  and  no  expense  was  spared  in  its  construction. 
All  the  bridges  are  of  iron,  were  built  in  England,  and  are  gen- 
erally plate  or  lattice  girder  bridges  on  cast-iron  columns  sup- 
ported by  stone  piers. 

The  road  is  being  relaid  with  steel  rails,  and  in  February,  1879, 
all  the  iron  had  been  replaced  except  that  on  the  forty-seven 
miles  nearest  Vera  Cruz. 

The  railroad  at  Vera  Cruz  terminates  in  a  700  feet  iron  pier  or 
mole,  which  is  said  to  have  cost  over  $300,000.  It  is  15  feet 
wide,  except  at  the  outer  end  where  for  a  distance  of  180  feet  it 
widens  out  to  60  feet;  it  is  built  of  plate  girders,  supported  on 
cast-iron  screw  piles,  15  feet  apart  in  one  direction  and  30  feet  in 
the  other.  The  widened  end  carries  four  cranes  of  two  tons  ca- 
pacity, and  one  capable  of  raising  twenty  tons.  These  cranes 
were  made  by  Sir  Wm.  Armstrong  and  are  operated  by  hydro- 
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static  pressure.  The  aecuiBulator  which  funiisbes  the  i>ower  has 
a  fourteen  inch  ram,  which  carries  a  plate  iron  tank  holding 
about  fifty  tons  of  sand,  and  giving  a  working  pressure  of  TOO  lbs, 
per  square  indu  The  harbor  of  Vera  Cruz  is  little  better  than 
fin  open  roadsteadj  and  frequent  ** Northers"  make  it  a  dangerous 
berth  for  shipping.  All  loading  and  unloading  must  be  done  by 
lighters,  clumsy  sloops  generally,  and  until  the  railroad  mole  was 
coDipleted  they  all  landed  at  an  old  stone  pier,  funiished  with  a 
few  wooden  davits  in  place  of  cranes,  and  terminating  conveni- 
ently at  its  shore  end  in  the  custom  house,  through  which,  literally, 
exports  and  imports,  eraigranta  and  immigrants  must  alike 
pass.  Now,  although  the  railroad  mole  with  its  costly  appliances 
has  been  in  working  order  tor  some  years,  it  has  been  of  little 
service,  because  the  enterprising  association  which  monopolizes 
the  lighterage  business  found  the  old  arrangement  more  profitable, 

]d  hence  forbade  the  use  of  the  new  plant  They  have,  liow- 
BVer,  at  last  relented  enough  to  allow  a  partial  use.  I  think 
machinery  tmpoi1;ed  in  bulk  and  exports  generally,  if  shii»ped 
over  the  railroad,  tlie  company  is  permitted  to  handle. 

Of  rolling  giock  the  road  has  a  variety;  in  alx)Ut  forty-five 
engines,  twenty-one  different  styles  and  makers,  English,  Ameri- 
can and  Belgian  are  represented.  Two  Baldwin  consolidation 
engines  do  duty  on  the  lighter  grades,  but  on  the  mountains, 
where  a  grade  of  four  or  four  and  one-half  psr  cent,  is  often 
reached,  they  use  the  double  ended  **Fairlie"  engines,  with 
twelve  42"  driving  wheels,  and  cylinders  15''x22"  or  16"X20", 
or  in  some  cases  4^>''  wheels  and  16'^x22"  cylinders. 

The  road  officials  claim  great  flexibility  and  tractive  power  for 
these  engines,  but  admit  that  they  have  practically  rebuilt  them 
all  during  the  few  years  they  have  been  at  work.  They  are  run 
by  a  crew  of  four  men,  an  engine  driver,  generally  an  Ameri- 
can, (who  is  paid  almd  $7  a  day^  and  is  given  a  hoime  and  sen^ani  by 
jA^  company)  a  fireman,  and  two  wood  passers. 

The  cars  used  are  of  three  classes,  the  second  and  third  being 
uf  the  American  type,  but  plainly  built  and  not  upholstered* 
The  first  class  carriages  are  all  of  the  English  style,  seats  uphol- 
stered and  leather  covered.  Through  trains  are  mixed  passen- 
ger and  freight,  and  each  train  terminatea  in  a  troop  car  in 
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which  thirty  Mexican  infantry  ride  to  guard  (?)  the  train ;  and 
as  the  silver  is  always  in  a  forward  car  it  is  necessary  for  robbers, 
generally  speaking,  to  detach  the  troop  car  before  they  attempt 
to  rob  the  train. 

At  each  station  one  finds  a  body  of  horsemen  belonging  to  the 
rural  guard,  a  sort  of  mounted  police  in  the  pay  of  the  depart- 
ment of  the  interior,  well  horsed,  armed,  paid  and  fed,  and 
always  ready  to  rob  a  stage  coach  or  pronounce  for  any  insurrec- 
tionist, who  offers  twenty-five  cents  a  day  above  the  government 
pay.  There  is  no  especial  hurry  about  getting  anywhere  in 
Mexico,  and  the  trains  take  about  eighteen  hours  to  make  the 
260  miles  between  the  coast  and  the  capitol.  Montezuma's  indian 
runners  used  to  take  24  hours,  I  believe  the  story  goes,  and  the 
old  post  riders  often  did  it  in  twenty.  But  the  cars  travel  fast 
enough  and  cheap  enough  to  jmt  prevent  the  competition  of  the 
old  wagon  trains,  and  one  would  think  that  at  the  ruling  rates  the 
business  ought  to  pay.  Thirty-two  dollars  for  the  round  trip  is 
first-class  passenger  fare;  and  frdght  is  also  divided  into  three 
classes,  the  last  of  which  pays  about  $50  a  ton  for  the  260  miles, 
and  the  first  nearly  twice  as  much.  The  considerate  schedule 
permits  the  traveller  to  enjoy  his  meals  deliberately,  an  hour 
or  two  being  allowed  for  breakfast  for  instance,  and  does  not 
hurry  him  away  from  the  wondrous  beauties  of  the  ascent 
When  night  sets  in,  however,  and  he  begins  to  freeze  after  having 
sweltered  all  day,  he  will,  I  think,  long  for  a  Pulman  car  and 
sixty  miles  an  hour. 

Of  course  all  the  foreign  importations  of  the  most  thickly 
settled  part  of  the  Republic  pass  over  the  Mexican  railway,  and 
as  the  city  of  Mexico  alone  boasts  200,000  inhabitants,  many  of 
them  foreigners,  it  is  evident  that  the  road  has  a  chance  to  do  a 
large  amount  of  through  traffic. 

Its  local  business  as  yet  is  small,  the  largest  item  being  proba- 
bly the  transportation  of  pulque,  the  fermented  juice  of  the  Ma- 
guey, or  Century  Plant,  the  Mexican  national  beverage.  Of  this 
the  road,  it  is  said,  carries  enough  to  yield  $1000  per  day  in 
freight  charges. 

Notwithstanding  the  fact,  that  the  road  was  in  process  of  con- 
struction for  so  many  years,  it  is  worthy  of  note  that  almost  all 
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he  work  of  building  was  actually  done  in  about  thirty  months, 
rtz.;  from  February,  1S65  to  June,  1866,  and  again,  after  the  im- 
perial fiasco,  from  September,  1871  to  January,  1873. 

When  we  consider  the  many  difficulties  of  the  undertaking,  we 
lealize  the  grt^atness  of  the  achievement,  and  can  not  but  admire 
Ihe  pluek,  the  energy,  and  the  skill  which  brought  it  at  last  to  a 
lucces^ful  completion. 


i  NEW  METHOD  FOR  THE  QI!ANTITAT1VE  DETERMINA- 
HON  OF  COMBINED  CARBON  IN  CAST  IRON  AND  STEEL 

Bt  David  Townsekp,  Member  of  Oie  ChiK 
Bmi  Jnm  ^ih,  ISBO. 

Of  all  the  compounds  of  iron,  none  are  to  be  compared  in  prac' 
acal  imfX)rtauee  with  those  of  carbon,  and  none  possess  greater 
interest  from  a  scientilic  point  of  view.  The  influence  of  carbon 
B  producing  variations  in  the  physical  properties  of  iron  is  one 
f  the  most  extraordinary  phenomena  in  the  whole  range  of  met- 
pJlurgy-  Iron  containing  but  a  small  quantity  of  carbon  is  called 
brought  iron  and  is  soft^  raalleablej  ductile  and  very  tenacious; 
Inm  containing  more  carbon,  between  certain  limits,  gives  all  the 
varieties  of  steel  from  mere  homogeneous  metal  to  the  hardest 
gradi^  used  for  cutting  tools;  and  lastly  when  iron  contains 
libove  2  per  cent  of  carbon  it  tiecomes  cast  iron. 

Tlie  carbon  may  be  retained  in  the  iron  in  one  of  two  w^ays; 
itlier  as  graphite  or  in  chemical  combination  with  it  (Fe^C),  and 
;ihe  manner  of  its  retention  forms  an  important  point  to  be  con- 
iidered  in  the  classificution  of  the  compounds  of  iron  and  carbon. 
Wrought  iron  rarely  contains  graphite;  steel  contains  both,  but 
tlie  combined  carbon  always  predominates,  and  east  iron  may 
bave  either  in  excess  according  as  it  is  grey,  mottled  or  wiiite. 

Steel  is  always  graded  by  the  quantity  of  combined  carbon  it 
Con  till  ns,  the  best  authorities  giving  the  following  classification: 
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Per  Cent.  •       UseSp  *      ' 

1.58—1.38  Cannot  be  welded.    Is  malleable. 

1.38—1.12  Malleable  but  difficult  to  weld. 

1.12 — 0.88  Used  principally  for  chisels,  etc* 

0.88—0.62  Cutting  tools  and  files. 

0.62—0.38  Mild  steel  for  tires,  etc, 

0.38—0.15  Boiler  plate,  axles,  etc       -   ^^^  •  - 

0.15—0.05  Used  for  machinery,  etc. 

Seeing  then  that  carbon  is  such  an  important  element  in  iion, 
it  is  needless  to  say  that  the  history  of  its  determination  is  ao  in- 
teresting one.  It  began  with  Berxelius,  but  Karsten  was  the  first 
to  make  any  practical  application  of  the  different  processes;  doing 
wonderful  work  with  a  chloride  of  silver  process  which  required 
from  ten  to  twenty  days  for  a  single  estimation. 

In  time,  as  the  iron  interests  of  the  world  were  gradually  d^ 
veloping,  the  demand  for  more  accurate  methods  of  analysis  was 
supplied  by  the  researches  of  the  most  eminent  chemisti?,  sevcnd 
excellent  processes  being  invented,  the  best  of  which  requires 
about  four  hours  for  its  completion. 

Following  the  remarkable  inventions  and  patents  of  Bessemer 
by  which  any  grade  of  steel  could  be  made  at  pleasure,  and  in 
view  of  the  fact  that  the  classification  of  Bessemer  steels  depends 
upon  the  proportion  of  carbon  they  contain,  it  became  an  absolute 
necessity  to  determine  with  accuracy  and  rapidity  the  percentage 
of  carbon  in  each  heat. 

Prof.  Eggertz,  of  Fahlun,  was  the  first  (in  1862)  to  invent  a  pro- 
cess to  accomplish  this  end,  and  it  is  to  the  credit  of  that  distin- 
guished metallurgist  to  say  that  his  method  still  retains  the 
greatest  favor  in  the  most  important  steel  works  of  the  world. 

The  process  is  based  upon  the  fact  that  when  iron  or  steel  con- 
taining carbon  in  chemical  combination  is  dissolved  in  nitric 
acid,  a  highly  colored  organic  compound  is  formed  and  the  solu- 
tion assumes  a  brown  tint  which  is  dark  in  proportion  to  the  per- 
centage of  carbon  present.  Iron  and  free  carbon  or  graphite  do 
not  influence  the  color  of  the  solution,  as  nitrate  of  iron  is  color- 
less and  graphite  is  insoluble  in  nitric  acid.  This  forms  the  basis 
of  all  the  color  nitric  methods,  of  which  I  shall  give  a  short  de- 
scription for  the  better  understanding  of  our  subject. 
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Eggertz's  method  h  contlugted  as  follo^vs: — 

0.1  gm,  of  iron  or  steel  containing  a  known  percentage  of  com- 
Wed  earbori  is  dissolved  in  5  c,  c,  of  pure  nitric  acid  (1,2)  at  a 
tt-m])erature  of  8U^  C  for  about  one  hour,  the  resulting  liquid 
\mjig  iK)ured  into  a  graduated  burette  and  diluted  to  a  normal 
sohUoQ. 

Suppi>se  the  steel  contains  0J5  per  cent  c.  earb.  and  after  solu- 
tion we  dilute  the  liquid  to  7.5  c.  c,  then  each  c,  c.  will  contain 
f^H  gm.  of  oarlKjn,  Now  if  we  take  the  unknown  steel  and  dis- 
polve  it  as  above  described,  then  put  it  in  an  exactly  similar 
burette,  and  dilute  the  solution  until  the  two  colors  correspond ; 
Hie  fierecntage  of  carbon  will  be  directly  proportional  to  the 
taiount  of  liquid*  For  instanee,  if  the  color  of  the  second  liquid 
torit'iSiponds  to  the  tirst  when  the  former  stands  at  45  c.c,  by  direct 
f  ro|x)rtion  llie  quantity  of  carbon  is  known  to  be  45  per  cent* 
The  chief  dilTieulty  is  in  preserving  the  normal  solution  a  con- 
^laiii  tint,  as  it  becomes  i>ale  on  keeping,  especially  if  exposed  to 
the  light- 

The  Journal  of  the  Franklin  Institute  for  May,  1S70,  contains 
1  ix>mraunication  from  J.  Blodget  Button,  of  this  city,  giving  seve- 
l^I  modiiications  of  the  Eggertz  mettiod.  Instead  of  one  standard 
Ifeokition,  he  uses  several,  varying  by  .02  per  cent.,  from  A)  per 
IPciit  up  to  .;^  per  cent  of  carbon.  The  solutions  are  put  in  simi- 
lar jsized  tubes,  and  arranged  iti  a  rack,  with  spaces  between  for 
Ihe  comparison  of  unknown  steels.  This  method  has  several  ob- 
ections*,  the  principal  ones  being,  that  a  series  of  properly  graded 
(tujidard  steels  is  hard  to  get,  and  also  the  difficulty  of  keeping  a 
lumber  of  solutions  constant  at  a  standard  tint 
'  Another  process,  which  I  shall  just  mention,  w^as  patented  by 
^ha^.  M,  Jtydur,  Aug.  30th,  1870,  He  claims  that  the  magnetic 
irait  of  a  steel  is  directly  in  propoition  to  the  amount  of  corn- 
lined  carbon  that  it  contains,  and  that  when  two  magnetized 
lieces  of  steel  are  placed  on  a  scale  on  opposite  aiders  of  a  mag- 
letic  needle  it  will  be  in  exact  equilibrium  when  the  same  pro- 
KJrtion  is  nxaintained  between  the  squares  of  the  distances  on  the 
Icale  as  exists  lie t ween  the  percentages  of  carbon  in  the  steeh 
pfever  having  tried  the  |*rocesa  I  cannot  pass  upon  its  merits, 

Tlie  process  to  which  I  would  call  your  attention  this  evening 
v'oi«  n.~3. 
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was  suggested  to  me  by  Prof.  Leeds, yrhile  working  in  his  labom* 
tory. 

It  is  based  on  the  well  known  fad,  announced  by  Eggeriz,  tiiai 
iron  or  steel  containing  combined  carbon  when  dissolved  in  fmre 
nitric  acid,  gave  a  brown  color  whicli  varied  in  depth  directly  in 
proportion  to  the  amount  of  sucli  carbon  present.  It  ditibn, 
therefore,  from  the  other  processes  before  described  only  in  the 
manner  of  comparing  the  colors. 

The  apparatus  consists  of  a  stand  or  rack  arranged  for  holding 
ten  comparison  tubes,  each  of  which  when  filled  to  the  same 
depth  hold  100  c.  c.  of  liquid.  Directly  underneath  these  tubes 
is  a  platform  on  which  slides  a  carriage  holding  a  glass  c-ell  of 
wedge  10  inches  long  and  2  inches  wide  This  wedge  contains 
the  comparison  liquid,  properly  standardized,  and  gives  the  dif- 
ferent gradations  of  color  according  to  the  depth  of  the  litjuifl, 
Under  each  tube,  in  the  platform,  is  a  rectangular  slot  allowing 
light  which  is  reflected  from  the  top  mirror,  to  pass  down  througb 
the  colored  liquid  in  the  tubes  and  be  received  for  coniparisou 
with  the  light  transmitted  through  the  wedge  into  the  hoiU^m 
mirror. 

To  conduct  the  operation  1  gram  of  steel  containing  a  known 
amount  of  carbon  (say  4  per  cent.)  is  put  in  a  tube  and  treats 
w4th  15  c.  c.  pure  nitric  acid  having  a  sp.  gr.  of  1.2. 

The  tube  is  placed  in  a  wooden  clamp  together  with  a  thermo- 
meter and  lowered  into  a  dish  of  water  kept  constantly  at  80°  C. 
by  means  of  a  properly  regulated  gas  jet. 

In  from  30  to  50  minutes  the  steel  will  be  dissolved  when  any 
residue  which  may  be  left  must  be  treated  with  5  c.  c.  of  fresh 
acid  and  then  added  to  the  main  portion. 

The  liquid  is  now  passed  through  a  small  asbestos  filter,  which 
has  been  previously  purified,  into  one  of  the  comparison  tubes 
and  after  being  diluted  to  100  c.  c.  is  placed  in  the  rack.  The 
w^edge  is  now  filled  with  a  solution  of  caramel,  diluted  with  water 
to  the  proper  tint,  and  being  placed  upon  the  carriage  the  two 
colors  are  brought  to  exactly  the  same  shade  by  moving  the 
wedge  in  or  out  and  making  the  comparison  on  the  bottom  mir- 
ror. This  gives  one  point  in  a  paper  scale  cut  to  the  side  of  the 
wedge  which  represents  4  per  cent,  of  carbon,  then  by  pouring 
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lUt  one-half  the  liquid  and  again  filling  up  with  water  to  the 
lOCP  c.  €.  inark^  we  obtain  another  point  in  the  scale  which  ia  ex- 
actly one-half  the  preceding- 

Thus  ill  our  case  we  obtain  the  points  corresponding  to  *4,  .2, 
l,and  ;05,  and  by  interpolation  we  obtain  a  scale  running  the 
whole  length  of  the  wedge. 

For  an  unknown  steel  the  process  is  ob\nously  the  same  as  de- 
scribed, with  the  exception  that  when  the  final  comparison  is 
made  with  the  wedge  and  the  scale  applied,  the  percentage  of 
carbon  is  read  off  at  once.  If  the  color  should  be  too  dark  to 
come  within  the  scale  limits  for  1  gram  of  material  5  grms,  is 
taken  and  the  reading  multiplied  by  two  (2);  similarly  should  the 
<N>lor  be  too  light  2  grms.  are  taken  and  the  result  divided  by 
two  (2), 

Certain  premutions  have  to  be  adopted  to  insure  accuracy  in 
the  results. 

The  upper  reflecting  mirror  should  receive  its  light  from  some 
•white  surface  or  body  having  a  uniform  color  otherwise  it  will 
tran.^mit  the  inequalities  of  tint  which  it  receives  and  thus  cause 
error.  The  depth  of  solution  in  the  comparison  tubes  should  be 
exactly  the  same  for  similar  quantities  of  liquid  for  the  color  will 
vary  directly  as  its  depth  and  not  with  special  tint  The  com- 
parison liquid  in  the  wedge  remains  normal  for  a  long  while  if 
>rotected  from  the  Hglit  when  not  in  use,  but  it  is  safest  to  re- 
fltandardize  it  at  least  once  a  month.  What  I  claim  especially 
for  the  process  is  the  great  accuracy  and  speed  with  which  results 
Biay  be  obtained  ;  also  the  simplicity  of  the  apparatus  by  which 
«ny  one  not  a  chemist  can  make  the  comparisons  without  any 
difficulty. 
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THE  FUTURE  SEWERAGE  REOUIREMENTS  OF  THE  CITY 
OF  I'HILAUELFHIA.- 

By  Rudolph  Herino,  C.E.,  Member  af  the  CLub. 
Read  June  bihf  1880, 

The  Annual  Report  of  the  Chief  Engineer  of  the  Water  De- 
partment of  the  City  of  Philadelphia  for  the  year  1876,  contains 
the  outlines  of  a  system  of  intercepting  sewers,  designed  **  to  re- 
lieve the  city  of  its  sewage  without  contaminating  the  waiser  siifH 
ply,"  and  it  very  properly  urged  that  **  in  order  to  rely  upon  the 
rivers  as  a  source  from  wlience  to  draw  our  water  supply,  tbdr 
purity  must  be  examined  and  their  pollution  prevented/' 

As  Mr.  Darrach  has  recently  brought  this  system  to  the  atten- 
tion of  the  Club  for  discussion,  I  desire  to  state  a  few  objections 
to  some  of  its  features,  both  with  regard  to  its  present  anil  ulti* 
mate  efficiency.  Before  doing  so,  however^  it  may  be  of  interest 
to  examine  a  few  facts  concerning  the 

Pollution  of  the  Delaware  and  Schuylkill  Rivers. 

It  is  generally  believed  that  our  drinking  water,  which  is  ob- 
tained from  both  rivers,  is,  at  times,  not  of  a  very  wholesome 
quality.  Chemical  analyses  have  frequently  been  made  of  sam- 
ples taken  at  different  times  and  places  which  partially  confirm 
this  belief.  The  difficulty  of  selecting  fair  and  average  samples 
suggests  an  inquiry  from  a  different  direction,  namely,  ascertain- 
ing tlie  actual  amount  of  sew^age  conveyed  to  the  rivers. 

The  absence  of  specific  data  and  observations  necessary  for  this 
purpose  permits  only  of  very  rough  approximations,  but  the  re- 
sults seem  to  be  indicated  sufficiently  true  for  general  conclusions. 

It  is  still  an  undecided  question  as  to  whether  river  water  used 
for  drinking  should  be  kept  free  from  even  an  insignificant 
amount  of  sewage;  w^hether  there  is  a  standard  which  denotes  how 
much  organic  or  other  matter  may  reasonably  be  allow^ed  in  it; 
and  to  what  extent  and  how  soon  river  water  purifies  itself  dur- 
ing its  course. 
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Without  going  into  the  merits  of  the  different  opinions,  which 

f  would  lead  vory  far,  we  will  assume  that  wmter  flowing  within 

I  the  limits  of  our  city  cannot  purity  itself,  and  that  water  which 

has  been  slightly  pollutiul  may  yet  not  be  objectionable,  as  in  the 

case  of  our  Sclmylkill  water,  which  was  five  years  ago  pronounced 

I  by  e3£i>erts*  as  being  "about  as  good  a  water  as  we  might  wish  to 

find  for  a  hir^e  city  "  although  it  received  sewage  from  many 

^  places  witliin  five  miles  of  the  pumping  stations.     Any  germs  of 

I  diseases  entering  and  living  in  the  river  water  cannot,  of  course^ 

be  destroyed  by  dilution:  tlie  probability  of  infection  only  is  les- 

j  sened.     As  these  germs  may  be  assumed  to  occur  along  with 

[other  organic  matter,  the  amount  of  the  latter  can  generally  be 

considered  as  indicating  the  degree  of  pollution. 

We  have  then  to  consider  what  maximum  amount  of  sewage 
can  be  allowed  in  drinking  water.  Here,  too,  there  is  much  dis* 
1  agreement,  on  account  of  the  varied  conditions,  and  we  will  again 
assume,  for  purpcjses  of  calculation^  that  the  greatest  amount  per- 
missible is  3  parts  of  organic  refuse  in  lOO^OtX)  parts  of  water^  by 
weight. 

Human  discharges  have  been  estimated  to  average  from  2  to 
2.8  pounds  per  day,  and  the  waste  from  all  other  purees,  as 
kitchens,  stable^»  streets,  slaughter  house^^  etc*,  as  having  about 
the  same  weight  per  head  of  population.  We  will  therefore  esti- 
mate the  total  sewage  to  be  5  pounds  per  inhabitant  i>er  day. 

The  amount  of  sewage  reaching  the  rivers  may  be  ascertained 
in  the  following  way:  Upon  the  map  of  Philadelphia  (Ph  No*  5), 
showing  the  drainage  districts,  we  have  plotted  the  density  of 
population  by  marking  a  red  spot  for  every  election  division, 
which  represents  about  1200  peim)n8.  By  counting  the  spots  in 
each  drainage  area  its  population  may  be  approximated.  Thus, 
we  find  that  about  27,500  persons  live  on  the  area  draining  into 
the  Fairmount  pool.  But  the  sewage  of  this  entire  population 
does  not  reach  the  river:  it  simply  shows  what  can  be  eKpected 
in  the  future.  Sewers  now  extend  over  only  a  portion  of  the  dis- 
tricts, and  all  persons  living  on  the  line  of  a  sewer  do  not  yet 


38        Hering — Sewerage  RequiremenU  of  Philadelphia,      fProc.  p:ng.  Club, 

drain  into  it.  To  find  the  approximate  proportion,  we  are,  in  the 
absence  of  better  information,  aided  by  the  following  statistics : 

The  report  of  the  Philadelphia  Water  Department  gives  the 
number  of  water-closets  in  the  city  as  about  33,000.  Not  all  of 
them  discharge  into  sewers,  and  a  number  of  houses  have  more 
than  one,  but  it  can  be  estimated  that  at  least  three-fourths  of  the 
number  given  in  the  report  will  represent  the  number  of  houses 
with  water-closets  discharging  their  entire  sewage  into  sewers, 
which  for  the  whole  city  is  about  25,000  buildings.  From  records 
of  the  Board  of  Health,  it  is  estimated  that  about  12,000  houses, 
having  cesspools  but  no  water-closets,  are  connected  with  sewers. 
It  is  further  estimated  that  very  nearly  one-third  of  all  sewer 
connections  are  for  general  w^aste  water,  excluding  water-closets 
or  cesspools;  which,  as  we  have  seen,  is  equivalent  to  one-half  the 
number  discharging  the  entire  sewage.  There  are  also  about 
4,500  street  inlets  which,  through  gutters,  receive  the  waste  water 
of  many  houses  not  directly  connected,  and,  finally,  we  have  the 
streams,  which  are  often  little  better  than  sewers  themselves. 

The  total  quantity  of  sewage  daily  carried  to  the  rivers  may, 
therefore,  be  estimated  as  coming  from  25,000  -f  12,000  +  J 
[J  (25,000  +  12,000)  ]  +  allowance  for  inlets  and  creeks  =  say 
50,000  houses,  or,  as  the  average  number  of  persons  to  one  house 
is  5.8,  from  about  290,000  people. 

In  order  to  divide  this  amount  over  the  Delaware  and  Schuyl- 
kill drainage  areas,  it  will  be  near  enough  to  consider  the  quan- 
tity of  sewage  to  vary  as  the  number  of  water-closets.  Although 
this  is  not  true  for  the  wards  alone,  yet  for  the  larger  areas 
the  errors  will  be  almost  eliminated.  The  Water  Department 
Reports,  giving  the  number  of  closets  for  every  ward,  enables 
this  division  to  be  made.  Multiplying  this  number  for  each 
ward  by  a  coefficient,  which  reduces  it  to  the  number  of  persons 
draining  into  the  sewers,  marking  the  products  upon  the  popula- 
tion map,  and  proportionately  dividing  the  wards  which  cover 
several  districts,  we  can  then  estimate  the  proportion  of  sewage 
which  is  discharged  into  the  Schuylkill,  above  and  below  the 
dam,  and  into  the  Delaware. 

This  coefficient  being  290,000,  divided  by  33,000  =  8.8;  the 
number  of  persons  draining  into  the  Fairmount  pool  is  found  to 
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be  aboal  3,000;  into  the  Sdiuylkill  below  the  dam  about  119,500; 
and  into  the  Delaware  about  107,500.  The  first  amount,  how- 
evt^r,  requires  a  very  material  correction.  The  proportion  of 
water-closets  draining  into  the  river  is  less  than  in  other  sections 
of  the  river,  but  the  refuse  from  the  slaughter  houses  and  the 
large  numk^r  of  mills  dtuateJ  along  the  river,  at  or  near  Mana- 
yunk,  is  much  above  tlio  avernge  allowance  per  head  of  [Kipula- 
lion.  From  a  reiK>rt  by  Mr.  J.  PI  Ej^tabrook  to  tlie  Piirk  Com- 
mi.ssion,  we  may  conclude  that  the  daily  discharge  from  these 
mills,  in  the  shape  of  bleaehing  and  dyeing  waste,  animal  fat 
from  woohvasliings,  the  evacuations  of  the  workmen  engaged  iu 
the  millSj  etc.,  will  equal  the  conUiminations  from  at  least  5,000 
pei'^^oiis  in  ad^lition  to  the  3,0()0  gi%'en  before.  We  will  therefore 
estimate  tlie  sewage  from  8,000  persons  as  discharging  into  the 
river  above  the  dam. 

The  minimum  daily  flow  of  the  Schuylkill  river  is  recorded  as 
being  less  tlum  30,000,000  cubic  feel,  and  lasting  for  over  a  month. 
Supjjosing  one-half  of  all  the  sewage  to  be  discharged  in  eight 
hours,  the  river  during  the  same  time  delivering  10,000,000  cubic 
feet  weighing  623,000,000  pounds j  then  if  the  sewage  is  uniformly 
distributed  in  the  water,  which  is  generally  not  even  the  case,  it' 
would  require  the  refuse  of  leiss  than  7,500  persons  to  pollute  the 
water  above  the  dam  up  to  our  assumed  standard  during  the  low- 
est stfige  of  the  water.  We  have  just  found  that  about  8^000  per- 
sons drain  into  it,  showing  that  a  pollution  is  probable. 

No  drinking  water  being  drained  from  below  the  dam^  the  con- 
dition of  the  lower  Schuylkill  is  not  a  serious  question  for  many 
years  to  come. 

The  minimum  daily  flow  of  the  Delaware  at  the  head  of  tide 
is  recorded  as  being  173^300,000  cubic  feet^  which  would  repre- 
sent the  amount  of  water  daily  pushing  i^eaward  in  front  of  the 
city  during  a  long  drought.  As  it  takes  from  twenty  to  thirty 
days  for  this  quantity  to  pass  through  the  distance  which  the 
river  Hows  at  one  ti<le,  and  supposing  that  the  daily  discharge  of 
sewage  is  sufficient  to  contaminate  this  daily  addition  of  pure 
water^  tlien  we  may  assume  that  if  the  drought  lasts  about  a 
montli,  the  entire  body  of  water  passing  the  city  will  have  be- 
come polluted.    The  fact  that  the  sewage  does  not  commingle 
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uniformly  with  the  river  water  in  the  short  distance  of  our  city 
front,  but  remains  in  greater  abundance  near  the  shore,  tends  to 
make  this  time  even  shorter. 

If  the  daily  sewage  is  discharged  into  the  Delaware  evenly  dur- 
ing twenty-four  hours  of  a  day,  we  find  that  a  population  of  65,- 
000  would  pollute  its  water  to  our  standard  in  twenty  or  thirty 
days  of  drought.  The  entire  population  living  on  the  Delaware 
slope  is  553,000,  but  as  we  have  seen,  the  sewage  of  only  about 
167,500  persons  is  conveyed  into  the  river.  Therefore,  less  than 
two-fifths  of  this  number,  neglecting  the  not  inconsiderable  refuse 
from  the  ships,  would,  if  our  premises  are  sufficiently  accurate, 
cause  the  Delaware  water  to  become  unwholesome  at  certain 
times. 

The  general  conclusions  which  we  can  now  draw  are :  Firet. 
That  after  a  protracted  drought,  both  the  Delaware  water  and  the 
Fairmount  pool  may  be  injuriously  polluted.  Secondly.  That  the 
former  may  be  more  impure  than  the  latter,  which  goes  to  con- 
firm the  chemical  analysis  of  Booth  and  Garrett,  who  give  a 
larger  proportion  of  organic  matter  per  gallon  for  the  Delaware 
water.  It  consequently  seems  evident  that  an  increased  discharge 
of  sewage  into  the  latter,  as  long  as  it  is  pumped  for  drinking 
purposes  in  Philadelphia  and  Camden,  should  be  looked  upon  as 
being  at  least  as  objectionable  as  an  increase  into  Fairmount  pool. 

Discharging  sewage  into  tidal  rivers,  whose  water  is  used  for 
drinking,  is  generally  unsatisfactory,  because  the  periods  of  slack- 
water — with  us  about  fifteen  minutes — permit  much  of  the  sew- 
age to  sink,  and  having  reached  a  depth  where  the  current  is  at 
all  times  weak,  especially  along  the  shore  and  in  the  docks,  to 
deposit  permanently  or  to  be  stirred  up  all  at  once  during  heavy 
tides  or  freshets. 

I5y  way  of  parenthesis,  it  may  be  interesting  to  note  in  connec- 
tion with  this  subject,  what  a  small  percentage  of  our  population 
has  made  use  of  the  water  carriage  system.  There  are  alx)ut 
150,000  houses  in  the  city  and  only  33,100  water-closets.  The 
Board  of  Health  estimates  in  all  about  70,000  wells  or  cesspools, 
about  50,000  of  which  are  not  connected  with  the  sewers.  We 
may  safely  say,  that  in  the  improved  sections  of  the  city  nearly 
500,000  persons  make  no  use  of  underground  drainage,  but  store 
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uj>  their  feces  in  privy  wells,  which  are  cleaned  only  when  they 
are  full,  after  saturating  the  surrounding  earth  with  the  liquid* 
To  form  an  idea  of  the  magnitude  of  this  pollution  of  tlie  soil, 
let  us  consider  tliat  about  H),yOO  permits  are  yearly  taken  out  for 
cleaning  wc41s,  which,  averaging  less  than  201*  cubic  feet,  gives  a 
gram  quantity  of  filth  removed  of  less  than  2,000,000  cubic  feet. 
As  one  person  discharges  one  cubic  foot  in  twenty  days,  or  at  least 
eighteen  cubic  feet  per  year;  500,(H)0  will  discharge  9,000,000 
cubic  feet.  Therefore,  at  least  7,000,000  cubic  feet  drain  yearly 
into  tlie  soil  beneath  our  habitations.  This  is  neglecting  the  soak- 
iige  of  the  cesspools  liaving  overflows  into  the  sewers,  and  also  the 
kiicheu  water  which  is  frequently  turned  into  them. 

iKTERCEPTtKG    SeWERS, 

The  amount  of  sewage  as  thus  estimated  to  discharge  into  the 
Fairnaount  jkk)!  and  the  Delaware  river,  although  based  upon 
datii  which  closer  study  and  observations  will  modify  somewhat, 
nevertheless  sufficiently  confirms  the  fact  that  our  drinking  wa- 
ter will  at  no  distant  day,  if  not  already^  require  protection  from 
further  pollution.  This  is  most  effectually  accomplished  by  in- 
tercepting sewers,  which  collect  and  dispose  of  the  sewage  in  a 
less  injurious  way. 

The  .sys^tera  proposed  by  Mr.  Durrach  has  been  advocated  with 
this  end  in  view..  In  dih^etiHsing  the  same  we  should  in(|uire  into 
the  requimtes  for  a  complete  solution  of  the  sewerage  problem  for 
our  city.  In  doing  so,  I  will  give  the  outlines  of  another  system, 
which  appears  to  be  better  adapted  to  our  future  wants,  and  con- 
elude  with  a  comparison  of  the  two. 

A  dc-^ign  for  a  system  of  sewerage  for  Philadelphia,  winch  will 
not  only  answer  for  the  present,  but  form  an  integral  part  of  all 
the  nec^cssary  extensions  of  tlie  future,  and  demand  no  outlay  of 
cmpital  more  than  is  required  to  meet  tlie  want^  of  the  generation 
paying  for  it,  is  somewhat  complicated  by  the  facts,  that  the  coun- 
try is  broken  by  the  Schuylkill  river  and  several  large  creeks; 
that  many  independent  systems  have  already  been  built,  and  that 
the  area  is  very  extensive^  being  even  larger  than  London. 

The  method  pursued  heretofore  has  been  to  treat  each  natural 
drainage  area  by  itself,  and  allow  the  entire  discharge  to  be  at 
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or  near  the  lowest  point.  The  same  policy  has  been  followed  in 
almost  every  city  at  some  stage  of  its  development,  and  is  a  per- 
fectly natural  and  necessary  one  in  order  to  discharge  the  stonn 
waters.  Were  it  not  that  the  gradual  increase  of  population,  and 
therefore  of  sewerage  eventually  begins  to  seriously  pollute  the 
rivers,  it  would  also  be  the  only  correct  system  to  pursue. 

As  soon  as  the  pollution  becomes  an  evil,  all  sewage  must  then 
be  intercepted  before  it  reaches  the  river,  and  carried  to  some 
other  locality,  where  it  naturally  is  or  can  be  made  uninjurious, 
leaving  the  storm  water  alone  to  follow  the  old  mains  directly 
into  the  river.  Where  it  becomes  evident  that  a  city  will  grow  to 
such  proportions,  it  is  then  a  matter  of  economy  to  inquire  into 
this  ultimate  disposition  of  its  waste  water;  for  slight  modifica- 
tions in  alignment  and  grade  of  the  ordinary  or  storm  water  sew- 
ers as  they  gradually  become  necessary,  may  enable  them  to  be 
joined  in  with  the  final  intercepting  sewers  at  a  small  or  no  extra 
expense,  whereas,  if  these  are  completely  ignored,  extensive  re- 
constructions may  be  necessary. 

We  have  seen  that  in  the  near  future  it  will  be  imperative  to 
construct  a  few  intercepting  sewers,  and,  as  these  should  necessa- 
rily form  branches  of  the  entire  system,  it  is  clear  that  we  have 
arrived  at  the  time  when  the  question  for  the  final  disposition  of 
our  sewage  is  not  premature.  If  economy  in  our  municipal 
management  is  an  object  to  be  sought,  it  will  be  necessary  to 
build  these  first  sections  so  that  they  will  answer  the  ultimate 
requirements  as  well  as  the  present. 

In  order  to  design  a  system  which  will  effectually  remove  all 
the  city's  sewage,  it  is  first  necessary  to  consider:  Where  should 
the  final  outfall  be  located?  Whether  the  sewage  is  turned  into 
the  Delaware  during  the  first  few  hours  of  ebb-tide  or  utilized  by 
irrigation  or  otherwise,  does  not  matter  at  present;  but  one  fact 
is  certain,  i.  e.,  the  point  of  discharge  must  be  so  far  distant  from 
the  city  that  the  sewage  will  not  return  to  its  docks,  or  that  the 
winds  will  not  carry  noxious  odors  from  sewage  reservoirs  or 
farms  back  to  its  houses. 

To  answer  this  question  we  must  inquire  into  the  natural 
limits  of  growth  of  our  city.  The  improvements  of  the  southern 
portion  are  extending  southward  slowly  but  steadily.    The  Navy 
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[Yard  and  the  shipping  interests  along  both  rivers  will  gradually 

|draw  the  city  in  that  direction,  especially  when  this  section  is 

Bade  more  healthy  by  proper  grading  and  draitung,  and  when 

^ihe  navigation  facilities  of  the  Delaware  wilt  have  been  perfected. 

The  most  rapid  growth  w*i!I  be  towards  the  higher  ground:^  of 

itic  north  and  north-west,  and  will  also  extend,  but  naore  slowly, 

north-eastward  along  the  Delaw^are.     Tlie  centre  of  acUvity  will 

jbe  near  Broad  and  Market  streets;  the  business  section  extend- 

fifig  towards  th©  Dclaw^are  and  the  Schuylkill  and  southward,  the 

dwellings  sjireading    towards   and    ov^er    the  elevated   country 

running  north-east  of  and  parallel  witli  the  Delaw^are  river,  from 

Darby  to  Fox  Chase. 

A  Hnal  ilispos^ition  aliove  the  mouth  of  the  Schuylkill,  sny  at 
CfH?enwieh  Point*  permits  the  sewage  to  pollute  the  river  along 
the  docks  below,  including  the  Navy  Yard;  a  sewage  farm  or 
other  mode  of  purification  would  become  a  nuisance,  if  not  en- 
tireh'  impossible;  a  permanent  reservoir  w^ouhi  be  more  or  less 
offensive,  and,  unless  it  is  built  largo  enough  to  hold  at  least  an 
hour's  sewage  more  than  would  be  necessary  at  a  point  below  the 
mouth  of  the  Hchuylkilb  the  sewage  would  flow^  up  the  latter 
river  during  every  flood-tide  nearly  as  far  as  Point  Bree2;e,  Until 
the  low'er  section  of  the  city  is  built  up  near  the  river^  and  the 
f|tiantity  of  sewoge  is  not  too  great,  a  temiwrary  discharge,  how- 
ever, in  this  locality  \^  economical  and  may  be  advisable.  Hut  an 
ulUmate  outfall  for  the  Philadelphia  sewage  should  be  situated 
on  the  Delaw^are  below  the  mouth  of  the  Schuylkill,  somew*here 
near  Hog  Inland. 

This  site  will  be  remote  witliout  being  too  distant  from  any 
part  of  the  city  likely  to  be  built  nj*;  and  by  constructing  a  reser- 
voir  from  w*hich  the  sew^age  can  be  discharged  only  during  the 
finrt  two  hours  of  ebb-tide,  none  could  ever  return  to  any  part  of 
the  city.  There  is  likewise  ample  room^  should  it  be  required, 
for  irrigation  or  other  modes  of  utilization  that  may  be  found 
expe<lient  in  the  future.  No  other  point  seems  to  combine  these 
advantages* 

(irantcni,  then,  that  this  is  the  best  locality  for  a  final  disposal 
of  our  sewage,  the  next  question  is:  IIow^  ciin  all  the  sewage  be 
brought  to  it  wnth  the  least  delay  of  time  and  the  least  expense? 
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The  latter  can  evidently  be  achieved  only  if  gravity  is  resorted 
to  as  much  as  possible,  and  the  amount  requiring  pumping  is 
reduced  to  a  minimum.  The  former  is  obtained  by  having  a 
good  grade  and  running  the  shortest  available  course. 

In  order  that  the  greatest  possible  amount  of  sewage  can  reach 
the  outfall  by  gravity,  it  must  be  collected  by  a  high  level  inter- 
cepting sewer,  beginning  at  the  necessary  elevation,  to  permit 
storage  in  the  reservoir,  running  upwards  at  a  grade  sufficient 
to  produce  the  required  velocity,  and  branching  off  into  all  the 
valleys  until  it  has  traversed  the  entire  city.  Its  general  align- 
ment would  be  about  as  indicated  on  the  map. 

The  general  route  is  quite  direct,  and  excepting  the  short  sec- 
tion through  the  built  up  part  of  the  city,  has  but  few  bends. 
Nothing  short  of  a  detailed  study,  which,  however,  would  not  ma- 
terially alter  its  course,  can  designate  the  particular  streets  upon 
which  it  could  be  most  economically  built. 

This  sewer  receives  all  the  drainage  of  West  Philadelphia,  ex- 
cepting a  narrow  strip  along  the  river,  probably  never  requiring 
interception.  It  crosses  the  river  Schuylkill  just  below  Fairmount, 
runs  into  the  city  up  to  about  Thirteenth  and  Spring  Garden 
streets,  and  thence  out  to  Frankford,  etc.,  intercepting  the  area 
north-west  of  its  line. 

There  are  no  difficulties  in  the  way  of  this  construction.  The 
grades  of  a  few  streets  would  require  adjustment,  but  as  they  are 
at  present  mostly  unimproved,  this  could  be  easily  accomplished 
if  done  soon  enough.  The  Schuylkill  can  be  crossed  by  means  of 
a  pipe  bridge  giving  the  same  clear  headway  as  the  Fairmount 
bridge.  Tacony  creek  could  be  crossed  the  same  way  at  an  ele- 
vation of  about  thirty  feet  above  the  water.  Its  fall  is  estimated 
at  grades  sufficient  to  give  a  velocity  of  from  four  to  six  feet  per 
second,  therefore  discharging  the  sewage  from  Chestnut  Hill  and 
Frankford  in  less  than  five  hours. 

The  branches  from  the  main  collector  are  as  follows : 

1.  At  Seventieth  street  a  branch  from  Paschallville  taking  the 
sewage  from  the  Cobb's  creek  drainage  area. 

2.  At  Fairmount  a  branch  on  the  western  bank  of  the  Schuyl- 
kill, running  towards  the  Zoological  Gardens,  intercepting  the 
drainage  of  the  Mantua  creek  sewer. 
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3.  At  Twenty-third  and  Spring  Garden  streets  the  drainage  al- 
idy  intercepted  from  the  eastern  shore  of  the  Schuylkill  by  the 

Pennsylvania  avenue  sewer, 

4.  Near  Tenth  and  Diamond  streets  the  Chestnut  Hill  branch, 
rliieh  as  long  as  it  remains  in  the  Cohocksink  drainage  district 

m  be  identical  with  the  flood  water  main  sewer,  and  then  with 

heavy  grade  rising  to  near  the  top  of  the  abrnpt  descent  into 

the  Wissahickon  valley;  it  skirts  t!ie  latter  up  to  Chestnut  Hill. 

5.  Near  Second  and  Ontario  streets  the  Wingohocking  branchy 
extending  northward  to  intercept  the  sewage  brought  down  by 

[the  Wingohocking  creek, 

TluH  all  localities  of  the  city  from  which  the  sewage  can  be 
[iremoved  by  gravity  are  reached*     The  only  exception  is  the  Iiigh 
jronnd    between    the   Wissahickon   creek   and    the  Schuylkill, 
ft-hich,  if  it  ever  requires  relief,  may  be  connected  with  the  Cliest- 
nnt  Hill  branch  by  means  of  a  pipe  bridge  near  the  month  of 
the  creek. 
■     The  remaining  sections  of  the  city,  situated  below  this  high 
'     level  sewer,  ultimately  require  pumping.    These  are  the  territo- 
ries draining  into  the  Schuylkill  from  its  eastern  shore,  below  the 
dam  and  into  the  Delaware.     To  intercept  them  will  require  a 

I  ©ewer  near  the  eastern  bank  of  the  Schuylkill,  ami  another  along 
the  western  shore  of  tlie  Delaware.  To  reach  the  n  Hi  mate  outfall 
they  must  unite  somew^here  near  Girard  Point,  cross  the  Schuyl- 
kill by  an  inverted  syphon  similar  to,  though  not  so  extensive,  as 
the  one  now  being  built  for  the  disposal  of  the  Boston  sewage 
across  the  baVj  and  then  lead  to  Hog  Island.     The  pumps  should 

rbe  on  the  eastern  shore  of  the  Schuylkill,  the  sewage  flowing  by 
gravity  on  the  other  side. 
To  hiid  the  most  expedient  elevation  w^hich  will  drain  the 
greatest  amount  of  sewage  with  the  least  pumping,  it  is  necessary 

I  to  know  the  heights  at  which  all  the  sewage  will  be  cl^llectable. 
An  examination  of  these  shows  that  the  elevation  of  ^^  15.0  or  6 J 
feet  below  low  water  seems  to  be  about  the  Iiighest  level  to  which 
it  is  practicable  to  bring  the  sewage  at  Girard  Point  Assuming 
the  surface  of  the  reservoir  to  be  -\-  5.0  and  allowing  five  feet  fall 
to  it  from  the  pumps,  it  requires  a  lift  of  not  over  thirty  feet. 
Conmdering  that  the  Boston  sewage  will  be  lifted  thirty*five  feet, 
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and  the  London  sewage  at  Abbey  Mills  is  pumped  thirty-ax  feeli 
we  are  comparatively  well  situated. 

Starting  with  this  elevation  at  Girard  Point  and  running  up 
along  the  Schuylkill  at  a  grade  of  1 :  2000,  we  intercept  all  the 
sewage  flowing  into  it  with  a  very  little  readjusting  of  the  loweel 
existing  sewers.  The  only  troublesome  point  is  at  Arch  streei^ 
but  here  it  will  be  much  cheaper  to  reconstruct  a  large  part  of 
the  sewer  on  this  street  than  to  lower  the  entire  intercepting  sewer 
and  add  to  the  permanent  lift.  At  Fairmount  the  sewerage  levd 
can  be  as  large  as  +  3.0,  and  at  Manayunk,  six  miles  above,  in- 
creasing the  grade  to  three  feet  per  mile  as  low  as  +  21.0,  which 
is  three  feet  below  the  bottom  of  the  canal. 

Starting  again  at  Girard  Point  with  +  15.0,  crossing  over  to 
Greenwich  Point,  thence  up  Front  to  Tasker,  up  Second  to  Pop- 
lar, etc.,  to  Gunner's  Run,  as  indicated,  we  can  intercept  all  the 
sewage  except  from  the  Dock  and  Willow  streets'  sewers,  both  of 
which,  however,  can  be  readily  adjusted.  The  grade  is  estimated 
at  1 :  2000  up  to  Snyder  avenue,  1 :  1700  to  Laurel  street,  and  1 :  1500 
to  Gunner's  Run,  etc. 

The  section  from  Snyder  avenue  to  Gunner's  .Run  intercepts 
nearly  all  the  sewage  polluting  the  Delaware.  The  districts  not 
drained  are  the  IGth,  half  the  17th,  the  18th  and  31st  Wards 
(w^here  water  closets  are  comparatively  scarce),  and  the  Tacony 
creek  basin. 

The  area,  therefore,  requiring  an  eventual  lift  of  thirty  feet  cov- 
ers all  the  low  territory  along  the  Schuylkill  and  the  greater  part 
of  the  populated  portions  along  the  Delaware. 

Lastly,  there  is  a  district  which  is  so  low  and  distant  from  the 
outfall,  that  an  additional  lift  must  be  resorted  to.  This  area  is 
situated  north  of  Poplar  street  and  between  the  sewer  just  described 
and  the  river,  extending  to  Torresdale.  The  sewer  relieving  this 
territory  must  have  its  lowest  point  near  Front  and  Laurel  streets, 
w^here  pumps  could  lift  the  se\vage  about  fifteen  feet  into  the  Sec- 
ond street  intercepting  sewer. 

The  entire  system  is  thus  completed.  Each  natural  valley  or 
drainage  area  must  have  its  own  independent  sewerage  as  built 
heretofore,  to  discharge  the  storm  water  as  directly  as  possible 
into  the  rivers ;  but  on  its  course  each  main  is  relieved  of  the 
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3wage  fuxifN?r  from  as  many  places  as  is  consistent  with  the  most 
>iioniicaJ  way  of  final  disposition,  as  %vc  have  seen,  Imviug  the 
lin  water  alone  by  properly  constructed  overflows  to  continue  its 
present  course. 

It  now  becomes  necessary  to  examine  into  the  order  in  which 
the  various  part^  of  thiH  system  will  he  required. 

Ttie  section  from  Manayunk  to  Ftiirmonnt  is  evidently  the  first 

oue  needed,  in  order  to  maintain  the  purity  of  over  four-fifths  of 

>ur  drinking  water.     It  has  been  proposo<l  for  many  year?,  and 

irged  again  by  the  Commission  of  Engineers,  in  their  KeiJort, 

1875,  who  suggest  that  it  may  either  be  used  as  a  sewer  or  as  a 

conduit  for  pure  water  from  Flatrock  pool  leading  to  the  pumps 

^at  Belmont,  Hpring  Garden  and  Fairmount.     In  eitlier  ease   it 

eouhJ  eventually  be  joined  in  the  above  systems  for  ultimate  dis- 

posiiL     This  branch  needs  no  pumping  at  preeenti  as  it  discharges 

above  mean  high  water.     The  cost  of  construction  will  not  be 

more  than  |700,(KKh 

B      The  next  section  which  will  become  necessary  is  the  sewer  from 

H  Ciiinner^  Run  to  Snyder  avenue,  cutting  off  nearly  all  the  sewage 

H  Ho  wing  into  the  Delaware.     A  simple  gravity  discharge  is  of  no 

Havaih  because  in  order  to  collect  the  sewage  it  would  be  situated 

~  too  luw.     Pumping  with  constant  discharge  below^  the  city  is  also 

not  sufficient,  as  the  sewage  would  return  with  the  Hood  tide  to 

where  it  was  collected.     It  will,  therefore,  be  necessary  to  have  a 

Pnsservoir  si>  that  the  sewage  may  he  rettiined  until  the  tide  goes 
out.  Evidently  it  cannot  be  economical  at  this  time  to  construct 
the  fiiuil  outfall  workt^.  But  until  the  lower  part  of  the  city  is 
built  up,  a  temporary  reservoir  and  discharge  below  8nyder  ave- 
nue seems  to  be  the  most  economical  solution  of  the  problem. 
The  ofleasiveuess  from  a  reservoir  of  about  three  acres  in  which 
sewage  is  re|>laced  at  every  tide,  and  not  left  to  decom|>ose  for 
days  and  weeks,  as  it  does  en  the  flats,  will  not  be  near  as  great 

■  as from  tlie  bone  boiling  establishments  now  located  in  that  neigh- 
borhood. The  expense  of  the  reservoir  would  be  comparatively 
slight,  owing  to  the  very  suitable  quality  of  the  soil.  The  lift  is 
about  fourteen  feet.  The  entire  expense  of  construction,  includ- 
ing reservoir  and  pumps,  W'Ould  not  exceed  $1,100^000. 
These  two  sections  probably  suffiee  for  the  needs  of  the  present 
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generation.  When  the  condition  of  the  Schuylkill  below  tlie  dam 
becomes  offensive,  the  entire  West  Philadelphia  drainage  might 
then  be  intercepted  by  the  lower  section  of  the  liigli  level  coU&> 
tor  and  one  compartment  of  the  reservoir  near  Hog  Island  buiit. 
thus  temporarily  relieving  the  river  of  a  large  extent.  M'lien  tlw 
Delaware  again  requires  protection,  the  low  level  sewer  starting 
at  Laurel  street  would  furnish  relief,  atul  then  the  extension  of 
the  high  level  collector  beyond  Fnirmount,  some  branches  of 
which  may  have  been  required  and  built  before,  and  finally  ibe 
completion  of  the  low  level  sewers  from  Fairmount  an<l  Snyder 
avenue  to  Girard  Point  and  the  out  fall. 

At  some  previous  time  it  may  be  found  expedient  to  tetnpom* 
rily  dispose  of  the  sewage  now  draining  into  the  Wist^ahickoa 
creek  and  thence  into  the  Schuylkill,  by  irrigation  or  otbur 
method,  before  it  reaches  the  creek,  until  the  population  beeomel 
too  great,  the  high  level  collector  having  not  yet  been  built. 

In  this  way  the  total  expense  is  divided  over  a  long  term  of 
years,  and  each  generation  will  l)e  required  to  pay  very  little 
more  than  for  its  own  immediate  wants. 

Having  thus  sketched  a  complete  system,  which  appears  to  an* 
swer  the  present  and  all  future  demands^  it  remains  to  conif*aK^ 
it  with  the  one  recommended  by  Mr.  Darrach. 

His  **  first  district,"  which  is  West  Philadelphia,  is  provided 
with  a  sewer  running  parallel  to  the  Schuylkill  and  emptying 
into  Darby  creek.  It  is  of  less  size  than  ours  as  it  does  not  drain 
any  territory  east  of  the  river.  There  is,  however,  a  serious  objec- 
tion to  discharging  into  Darby  creek,  as  the  sewage  will  not  flow 
away  rapidly  in  an  irregular  channel,  but  deposit  in  the  eddies, 
along  the  banks,  and  otherwise  be  a  nuisance  to  the  country 
through  which  it  flows.  If  the  sewer  is  to  discharge  by  gravity 
it  would  have  to  be  higher,  and  therefore  intercept  less  territory. 

The  *' second  district"  comprises  the  eastern  slope  of  the  Schuyl- 
kill valley  and  the  Delaware  slope  south  of  Norris  street.  The 
main  feature  is  a  sewer  running  diagonally  across  the  city  from 
the  Falls  to  Broad  and  Norris  street,  and  thence  along  Norris 
street  to  the  river,  as  indicated  by  a  black  double  line  on  the  map. 
But  ultimately  it  is  to  be  carried  down  Second  street  to  Greenwich 
Point,  which  is  the  outfall  for  the  system.    Another  sewer  inter- 
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5pts  the  i^cliuylkiU  shore  balow  Fairmount  and  crosses  over  to 
the  same  outfall. 

The  diagomil  sewer  is  intended  to  relieve  the  Fairmount  pool,  j 
'^and  is,  as  we  have  seen,  the  first  one  needed.     An  ^sential  and 
inifiorliint  diiTerenco  tK^tween  the  two  systems  therefore,  is  the  lo- 
cution of  this  sewer,  whetlier  it  slionld  discliarge  at  Fairmount  be- 
low tlie  dam  or  at  Norris  street  into  the  Delaware. 

The  former  is  a  mile  shorter,  with  much  less  tunneling,  as  will 
be  seen  by  eomparing  the  profiles  on  the  map.  Yet  would  the  lat- 
ter offer  sufficient  advanta^s  toeompensate  for  thia  greater  length 
ami  w3st? 

TIte  fad  that  no  water  is  pumped  from  the  Schuylkill  below 
the  (hmi,  but  nearly  one-filth  of  our  drinking  water  is  obttiinod 
from  tlie  Delaware,  seems  strongly  to  negative  the  advantage  of 
this  line  The  Delaware  works  are  situated  quite  near  the  pro- 
|>o!Sik1  outlet,  tlie  Camden  pumps  are  opposite,  and  the  Frankfort! 
works  six  miles  above  it.  As  tlie  tide  runs  up  over  five  hours 
during  low  vniter  season,  and  at  a  velocity  of  over  two  miles  an 
liour,  there  is  already  a  strong  probability  of  the  works  pumping 
polluted  water  during  a  drought,  as  we  have  seen.  To  increase 
this  [Kjllution  by  sewage,  which  c^uld  as  well  be  turned  into  the 
Schuylkill,  where  it  is  not  pumped,  seems  therefore  not  advisable. 

It  is  sugge.ste<l  tliat  this  sewer  may  at  the  same  time  be  us€fd  to 
convey  away  the  storm  water  from  the  district  through  which  it 
paB5?es  and  thus  save  expense.  This  necessarily  increases  its  size 
materially,  vrliich,  together  with  the  fact  that  nearly  the  entire 
length  of  the  main  sewer  in  that  district  has  already  been  built^ 
would  not  ruake  it  economicaL 

Another  objection  to  the  diagonal  sewer  lies  in  the  fact  that  for 
two  miles  it  runs  under  private  property,  unless  a  street  coultl  be 
laid  out  from  Broad  and  Norris  to  the  Falls. 

When  it  becomes  necessary  to  abandon  the  outfall  at  Green- 
wich Point  and  discharge  the  sewage  below  the  mouth  of  the 
Schuylkill,  then  this  diagonal  sewer,  which  should  form  a  part  of 
an  ultimate  system,  would  cause  the  sewage  from  above  the  Falls 
to  flow  two  miles  further  than  if  brought  down  along  the  eastern 
shore  of  the  Schuylkill,  consuming  more  time,  and  with  a  grade 
of,  say  only  1 :  2000,  necessitating  a  permanent  increase  of  pump- 
vot,  u. — 4, 
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age  of  five  feet  over  the  shorter  route,  or  the  interception  of  less 
territory. 

The  sewage  from  the  Falls  and  Manayimk  already  reaches  the 
lower  Schuylkill,  except  what  is  pumped  in  the  drinking  water; 
the  construction  of  the  sewer  can,  therefore,  not  increase  its  polla- 
tion.  On  the  other  hand,  keeping  the  refuse  of  about  8000  pei^ 
sons  above  the  dam  out  of  the  river  below  it,  which  receives  that 
of  about  119,500  persons,  could  not  be  appreciated. 

It  seems,  therefore,  that  both  for  the  present  and  future  the 
discharge  of  t^e  Manayunk  drainage  into  the  Schuylkill  below 
the  dam,  is  preferable  on  grounds  of  eflBciency  as  well  as  economy. 

The  sewer  down  Second  street  is  substantially  the  same  as  on 
the  map,  but  to  carry  the  sewage  from  the  diagonal  sewer  without 
additional  pumping  near  Laurel  street,  would  require  it  to  be  laid 
deeper. 

The  section  on  the  eastern  shore  of  the  Schuylkill,  in  running 
across  to  Greenwich  Point,  allows  the  sewage  to  flow  down  the 
Delaware,  and  with  return  tide  much  of  it  will  again  enter  and 
flow  up  the  Schuylkill. 

The  "third  district"  of  Mr.  Darrach's  system  is  substantially 
the  same  as  the  section  above  Laurel  street  and  is  similarly 
treated. 

A  disposal  by  gravity  has  not  been  proposed  by  him,  and  its 
necessity  will  indeed  not  appear  for  many  years,  as  it  intercepts 
at  present  only  thinly  populated  districts.  Only  the  upper  Schuyl- 
kill sewage  can  now  be  removed  without  pumping.  But  it  never- 
theless is  well  to  consider  what  gravity  can  eventually  do  in  con- 
nection with  a  complete  system,  so  that  the  proper  authorities  may 
reserve  certain  lands,  adjust  certain  streets  and  lay  others  upon 
the  city  plan  in  good  time,  and  build  all  ordinary  sewers  needed 
before,  which  have  to  cross  the  intercepting  sewers,  in  a  manner 
that  will  finally  form  effective  and  economical  parts  of  the  whole 
system. 


Ja^  MH«,  lit  1.]     T/i«  Rec^doH  of  Mr.  Ferdinand  de  Leuqa. 
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THE  RECEPTION  OF  m.  FERDINAND  DE  LESSEPS. 

At  tile  l^Lisitie^^  Meetitig,  held  March  0th,  1880,  after  sonie  dis- 

lUssiou  as  to  wlmt  part  the  Club  Bhouhi  take  in  any  reception 

at  might  be  tendered  to  the  distinguished  visitor   upon  his 

arrival  in  Pfiiladelphia,  the  Oiair  was  moved  to  appoint  a  Com- 

mittee  with  power  to  act  with  himself  in  making  suitable  ar- 

ngementa    This  Committee  consisted  of  Messrs,  A,  R.  Koberta, 

Madiera,  I^hman,  Ashburner  and  Murphy;  President  Frederic 

Graff,  Chairman. 

On  Monday,  March  Sth,  the  Corresponding  Secretary  sent  to 
M,  de  Lessep8,  at  Washington,  D,  C,  the  following  telegram; 

**The  Enitrineei^*  Club  of  Pliiladelphia  desire  to  extend  to  you 
their  profe5.^ional  courtesy,  and  would  respectfully  ask  you  to 
name  a  time  when  an  opjKjrtunity  can  be  afforded  them/' 
To  this  M.  de  Lesseps  replied: 

'*I  will  arrive  to-morrow,  Tuesday,  Philadelphia,  six  fifty,  even- 
ing, but  to  leave  at  nine  ten  for  San  Francisco.  If  possible,  I 
will  be  glad  to  pay  a  visit  to  your  Club." 

A^  the  extreme  shortness  of  this  visit  to  our  City  rendered  im- 
possible  any  elaborate  entertainment,  it  was  decided  that  a  dele- 
gation of  the  Club  should  receive  him  at  the  Pennsylvania  K.  R. 
k Depot  upon  hii4  arrival^  and  the  General  Agent,  Mr.  0.  E.  Mc- 
Clellan,  Member  of  the  CUib,  kindly  placed  his  private  offices  at 
our  diiispoaal  for  that  purpose. 
H      Upon  their  arrival,  the  visitors  were  escorted  from  the  train  by 
■  President  Frederic  Gratf,  and  the  Rev.  Professor  Miel,  President 
Hof  the  Reception  Committee  of  French  Citizens.    When  the  party 
^■itorii'ed  at  the  rooms,  they  were  met  by  the  Committee  and  the 
^^mlowing  representatives  of  the  Club:  Messrs.  H.  M.  Chance,  O. 
B.  (Vdton,  Howard  Constable,  Wm.  A.  Coopeij  W.  C.  Cranmer, 
H  Lewns  M.  Haupt,  Wilfred  Lewis,  0.  E.  MeClellan,  Horace  SellerSj 
H8amL  L.  Smedley,  John  W.  Townscnd  and  Geo.  S.  Webster. 
B      Mr,  tiraff  then  made  an  address  of  welcome,  assuring  him,  on 
behalf  of  the  tlub,  of  their  desire  to  extend  to  him  all  the  atten- 

■  tion  allowed  by  the  extreme  shortness  of  his  visit,  and  of  their 
high  appreciation  of  the  eminent  reputation  he  had  attained  as 
an  able^  skillful  and  successful  engineer 
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In  the  reply  of  M.  de  Lesseps,  he  expressed  great  satisfactioi 
at  the  result  of  his  visits  to  New  York  and  War^liington,  and  his 
gratification  at  the  disappearance  of  the  many  difficulties  which 
had  seemed  to  threaten  the  success  of  the  inter-oceanic  canal  pro- 
ject. The  members  were  then  personally  presented  to  him  and 
to  his  very  amiable  lady,  and  a  short  time  j^jient  in  conversation, 
when  leave  was  taken  and  the  distinguished  visi tot's  given  in 
charge  of  the  Committee  of  French  Residents. 


NOTES  AND  COMMUNICATIONS. 


EARIiY  RAILROADIXG  AND  COAL  TKAOE. 

Meeting,  February 7th,  1830.— Mr.  Howard  Murjihy  rerid,  tm  beliiiJfof  Mr.  Israel 
W.  Morris,  the  following  extracts  from  "The  History  im*l  Aiitir|iiiti(*«  of  the  Tixu 
and  County  of  the  Town  of  New  Castle  upon  Tyne,"  by  Juhn  Brtuid^  M*A,  Li*uiiot»j 
MDCCLXXXIX.  Vol.  II.,  which  are  remarkable  in  ^tiuvvhig  ihi?  wimderful  simi- 
larity, in  the  ancient  and  modem  methods  of  celebratinj^  tfie  eom|»]ettott  of  a  nul- 
road  by  a  "  free  blow,"  and  in  the  fate  of  some,  at  lea«t,  of  t^iose  who  embark  in  the 
enterprise  of  mining  coal. 


Mention  occurs  of  "  waggons  and  waines  "  as  used  at  that  time 
in  the  coal  trade,  in  Grey's  Chorographia,  which  was  printed  in 
the  year  1649. 

Waggons  and  waggon  ways*  have  plainly  been  in  use  in  the 
North,  A.  D.  1676.  Lord  Keeper  Guildford,  who  was  upon  the 
northern  circuit  that  year,  thus  describes  them  :  "  The  manner  of 
the  carriage  is  by  laying  rails  of  timber  from  the  colliery  down 
to  the  river,  exactly  straight  and  parallel ;  and  bulky  carts  are 
made  with  four  rowlets,  fitting  these  rails,  whereby  the  carriage 
is  so  easy,  that  one  horse  will  draw  down  four  or  five  chaldron  of 
coals,  and  is  an  immense  benefit  to  the  coal  merchants." 

The  first  waggons  are  said  to  have  wanted  the  conveniencies  of 
letting  out  at  the  bottom,  having  been  emptied  with  shovels,  like 
the  present  ballast  waggons.     It  appears  by  the  old  books  of  the 
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Hostmen  8  Company,  A.  D,  1600,  that  the  then  coal  waines  con- 
lainLHl  eight  bowls  of  coals,  an*l  some  scarce  s^ven  bowls.  The 
present  waggons  contain  more  tlian  twice  that  quantity. 

In  the  Uiiidon  ihigas^ine  for  March,  1764,  there  is  a  representa- 
tion anfl  def^criptioii  of  a  coal  waggon,  communicated  to  the 
Editoi^  by  a  Gentleman,  who  dates  from  Chester-le-street,  21st  of 
Dec^ember,  1763,  and  signs  himself 

T,    S.   POLYEISTOR. 

•  TTie  first  thing  la  l>t^  dune  in  milking  a  waiirgon  waj  is  to  level  the  grcmml  in  tiirli 
a  KQjitiiicr  flu  ti>  uike  off  till  Kitdcif  n  aswnte  nnd  deflcentH  ;  U)  eftect  whicU,  »t  b  wome' 
liiueR  iie«.x?^!trv  io  i  ut  thmuj^di  hilirt,  and  to  nnne  nn  cnjbjinkment*  lu  carry  the  nmd 
ihruo^li  hollows.  The  nmt\  s^lumld  be  furmcti  nlnnit  twelve  fpet  wide,  und  no  imrt 
ahonld  liaven  grenter  ik^st'eta  thnii  of  one  van!  per}>en*liciiJar  m  tL*it,  uf  ii  lionjuriiital 
line,  nor  u  greftter  is«t'cnt  ihun  of  oue  jard  in  thirty,  Aftor  tlie  road  h  formod,  pietes 
of  tiiaber,  alioiit  six  feet  lon^  and  i«ix  inc*he$«  diBitieter,  called  dec^pem,  &r«  laid  across 
it,  Win^  ci;Bhtt?cn  nr  Iwentr-fttur  inc^heti  di!*tuMt  froiii  eiieli  other*  Upon  tliese  Bleep*?rB 
other  piete*  of  tijnlst^r,  onlkd  rails,  of  four  or  tive  int-hes  stfjimTe,  are  laid  in  a  laternl 
dtriMiJitn  ftnir  (vvt  fliMjiitt  frnrn  ench  other,  for  the  wa^iajon  wheels  to  run  vfum  ;  wliirh 
being  (irinly  ptnne^J  ro  the  ^^k-eiwrp,  the  nrtid  nmy  then  he  filled  with  ^ruvel  nod  fin- 
Tlie  wnK^onfi,  which  art'  tn  the  ff»rm  of  n  common  mill  liopfXT,  Usive  kmr 
da,  either  mude  of  N^did  wc^id  or  of  cast  iron.  The  hcMly  of  the  earnugt  h  hmger 
aihI  wider  tl  the  top  ihnn  at  the  bottom;  the  wn>c^oo  tiHiially  hn»  a  kind  of  irH{>-door 
It  the  boltooij  whii^li,  heing  locjfte^l,  fierniit.«i  the  coals  to  run  out  without  uny  trouble* 
Tli*  sue  of  II  waggon  to  enrry  fifty  hundred  weight  of  ooiUii  is  a*t  follows: 

I^n^th  Ht  the  top,       ....        7  feet,  9  inehe*. 
Hr^udib  at  the  top,  ,        ,        *        ,    5  feet. 

lA>up:th  at  the  iMittom,         ,        ,        *        6  feel, 
BreJidih  at  the  hotioui,    ,        .        ,        ,2  feet,  6  inchest. 
Per|>cndiculiir  height,  ,         ,         ,        4  feet,  3  inches. 

Encyelopiedin,  tit  ^snpra* 

The  filliiaior  rims  of  the  waggon  w^beeh  are  holhiw,  m  as  to  run  upon  Bjvrings  of 
wood  idiiptet!  thereto,  with  which  the  ronds  are  laid.— '* By  thiti  ineam,  [wivi*  Iluteh- 
IfiJNion,  View  of  Korthumherliind,  VoL  II.,  p.  417)  these  carria^iH*  on  au  emy  dt^^nt 
run  wiilKiot  hor^e*^  and  MinieUniea  vrith  thnt  rapid Uy  that  a  piece  of  wood,  cj^llefl  a 
tiller.  iH  obliged  to  he  appliinl  to  one  wlieel,  and  pressed  thereon  hy  the  weight  of  the 
atti^niant,  who  sit«  on  it,  to  retard  the  motion  ;  by  the  frictton  of  which  the  liUer  fre* 
qnently,  and  sometimes  the  oirriRge,  in  »et  on  fire/' 

Tliis  pii-ce  of  wood,  in  the  nature  of  a  lever,  is  abo  ctiUed  u  cxmvoy. 

There  is  a  traditii^n  amon^  the  people  heluuging  to  tlie  eoal-works^  that  tli«  Hrat 
waggr>n  that  wiis  usimI  for  tliif^  puri>(*se  in  the  vicinity  of  Xewew^tle,  wiis  Uoe<l  with 
tin,  ttiul  fillerl  with  the  liijuor  called  piinc.h.  It  h  eim-  to  ccmjecture  that  the  nnlml- 
tst|[  <if  t)ijch  a  wi^gim  wonbl  prove  a  %'ery  gratt^ful  tat^ik  to  the  thirhty  workuiun. 

Many  of  the  fluperanmiat«<t  workmen  earti  a  little  li^^elihood  by  what  they  call 
** ftev^iiig ;"    that  i«,  ercvicing^  or  cleaning  out  the  crevices  of  the  raiU  on  the^e 
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waggon  ways,  upon  which  in  steep  places  they  are  employed  in  laying  dnders,  to 
prevent  their  becoming  too  slippery,  and  the  waggon  from  running  amain. 

When  the  axle  of  a  loaded  waggon  breaks,  it  causes  a  great  stop  U|  the  other 
waggons,  and  is  called  by  the  waggon-men  ''a  caud  (i.  e.  cold)  pie/' 


Grey's  account,  in  his  Chorographia,  of  the  coal  trade  of  New- 
castle, about  A.  D.  1649,  is  well  worth  transcribing  : 

"There  come  sometimes  into  this  river  for  coales,  three  hun- 
dred sayles  of  ships,"    P.  19. 

"Many  thousand  people  are  imployed  in  this  trade  of  coales: 
many  live  by  working  of  them  in  the  pits :  many  live  by  con- 
veying them  in  waggons  and  waines  to  the  river  Tine :  many 
men  are  employed  in  conveying  the  coales  in  keeles  from  the 
stathes  aboard  the  ships :  one  coal  merchant  imployeth  five  hun- 
dred or  a  thousand  in  his  works  of  coals:  yet,  for  all  of  his 
labour,  care,  and  cost,  can  scarce  live  of  his  trade :  nay,  many  of 
them  hath  consumed  and  spent  great  estates,  and  dyed  beggars. 
I  can  remember  one  of  many  that  raysed  his  estate  by  coale 
trade:  many  I  remember  that  hath  wasted  great  estates."  P. 
24,  25. 

"  Some  South  gentlemen  have  upon  great  hope  of  benefit  come 
into  this  country  to  hazard  their  monies  in  coale-j)its — Master 
Beaumont,  a  gentleman  of  great  ingenuity  and  rare  parts,  ad- 
ventured into  our  mines  with  his  thirty  thousand  pounds;  who 
brought  with  him  many  rare  engines  not  known  then  in  these 
parts ;  as  the  art  to  boore  with  iron  rodds,  to  try  the  deepnesse 
and  thieknesse  of  the  coale;  rare  engines  to  draw  water  out  of 
the  pits;  waggons  with  one  horse  to  carry  down  coales  from  the 
pits  to  the  stathes  to  the  river,  etc.  Within  few  years  he  con- 
sumed all  his  money,  and  rode  home  upon  liis  light  horse." 

"The  eoale  trade  began  not  past  four-score  years  since:  coales 
in  former  times  was  only  used  by  smiths,  and  for  burning  of 
lime:  woods  in  the  south  parts  of  England  decaying,  and  the 
city  of  Loudon,  and  other  cities  and  townes  growing  populous, 
made  the  trade  tor  coale  increase  yearely,  and  many  great  ships 
of  burthen  built,  so  that  there  was  more  coales  vented  in  one 
yeare,  then  was  in  seven  yeares,  fo  ''^  yeares  by  past:  This  great 
trade  hath  made  this  towne  to  flourish  in  all  trades."     P.  26. 
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m^PAHATlTJi  FOU  IIAXDLI?iG  HEAVY  CARGOES. 


*^^^-^  Ji  McKTixO)  Mascu  20Te^  1880.— This  paper  was  pfesented  by  Mr.  J*  J, 
'lei-. 

«  urilitianr  method  uf  dbpharging  Iirge  nailing  vemeh  in  hy  hanging  a  heavy  i 

*  '^*r*«  4ir  ht-mp  r^Jjie)  over  ihe  fmtch  froin  wJiich  tbi?etirgoiiiiisti>edi»ohurgi^i;  the 

'^^'it*  111  tig  frnni  itiiist  to  miift%  nnd  frtini  thiK  lin4?a  hhjt'k  is  susiRmdod  GXiictly  ov**r 

*^^UIi*n*  of  th<?  hjitcFi*     Anotln^r  bJock  in  stit^fit-jult'd  fnmj  tlit^  miun  yai^l  arm,  and^ 

^'t*  u>  lund  iha  ciu-go  im  a  wharf,  it  h  iit.H.'e?isary  to  hoUt  the  weight  up  nt.*nrly  to 

®lHtn*  tiien  a  lioe,  wJiich  haa  betii  faMtenetl  to  the  weight  and  mnis  llirough  ihe 


►  ciriU 


*■  artn  Vikick,  ia  tightenerl  jind  eecured  und  the  weight  is  lowered  hack  again,  the 
•*>*tii  line  causing  U  to  il escribe  «n  are  of  a  circle,  of  whidi  the  length  of  the  yard 
-_^  **'ie,  fn»m  Uie  bhK*k  to  the  weight,  is  the  nidi  us. 
fti      '^  iMpthwi  re*] Ml  res  a  great  deal  of  time^  Wiiles  ctiuiing  much  delay  on  ajeeount 
.  *^  liilf.    If  tlie  tide  is  low  the  rmiius  niinieti  is  genemlly  tiw  long  to  jiermit  of  tlie 
^Mt   U'ing  wi-iiiemlcil  over  the  wlmrf;  if  the  tide  is  high,  It  is  gem*nilly  tT*.H^e«sury 
•^^tilly  Itiwer  on  the  yiinl  arm  tiirkk%  ns  the  weight  will  l>e  susiR^ndetl  too  high  for 
t     ■^*ii|r  |i«rji(i*t9i.     Oft  en  J  the  h  envy  wind  blowt*  the  iship  iiwiiy  some  difitmu^  from 
i«liag^  despite  well -seen  ret!  moo  rings,  and  tlie  ystrd  araij  in  thut  raise,  often 
too  »hofl  to  land  the  weight  clear  on  the  landing. 
**Oine  places  ste^im  swinging  t'mnes  are  med,  which  Jire,  in  the  fiwt  plaae,  very 
I  ■^*'^<*ive,  and  i\\  tJie  «eeoiid,  ure  diffirtilt  to  swing  around  eleaj^  of  the  tf^peSj  Htagea, 
*    ^^  l»ere  ragging  ii*  ciose  together. 
'^^  -ikett'h  flhuws  n  hnding  derrick  with  elevated  railway  which  the  author  built 

*  is  i>wn  uHe  At  (iininl  P*nnt;  the  railroad  tracks,  u[»on  which  the  freight  cars  and 
^**t.  car*  iimve,  helng  ono  hiindrci.t  ft'Ct  uwny  from  the  whnrf ; — n  dif^tiinc^^  which  no 
*"i*-L  conld  Well  swing  anil  bridge  over.     It  consists  of  two  white  j>ine  uniet**,  KO 

*•  *ng,  32  inchea  at  i  he  hiitt  and  J  4  inches  at  the  top.    They  are  placed  h  feet  S  inches 

^•'t   in  the  cl*arT  and  go  down  40  feel  yn:ler  the  wharf  level  iind  into  the  mud,  itnd 

~  ^i-dl  wedged  in  the  crtb  work  through  which  they  paws.     They  also  have  strong 

*^  liandft  rvktind  the  top,  front  whidi  run  back  ani!  wide  ways  wire  gnys  which  are  } 

^n  cJtumHer,  ea*'h  hsivin^f  m  inriihuekle  for  lightening  it, 

^w^oty-two  fti-t  alMH-^e  the  wharf  each  maM  carries  a  hinge,  to  which  are  hinged  i 
^tl^jvr  iiiitt*  [iRM^e**  (i  mchei^  X  Hi  inches  K  33  feet  long,  one  hinge  being  8  inehes*  in  ' 
^^Huce  of  the  other*     The  two  pine  plcceH  are  coupled  at  their  enda  hv  an  irfui  bar^ 

♦  2  iai'hw  X  3}  inches;  twi»  2-inch  Iwlta  g*3ing  through  the  ends  of  the  Iwirts  jind 
^■*  trujgh  the  ends  of  the  sticks.    They  are  lined  with  j-lnch  iron  aJl  around,  8  inches 

Ant^her  mm  stay  or  bar,  Bt  eonnectt  the  masts  W  feet  abore  the  hmgvA.  From 
^«*r  wntnr?  of  the  bur  A  to  ihe  tent  re  of  the  Imr  B  a  railway  la  ,surtpcnde<b  It  consists 
^^I'lsro  inee'4^  while  jniie,  4  inchen  X  12  inches*,  alwait  3^)  feet  lougt  which  are  kepi  )2 
l^^fhe*  aparl:  by  nienn^  of  ii  12-mch  block  at  each  end.  An  iron  plate,  2  inches  X  4 
'  tii*he»,  goes  across  ench  end,  nnd  two  1-inch  iron  rtMl»  ^  fnnn  plate  Ui  plate  on  either 
^ideofthf^l  inch  X  12  inch,  ami  are  Ncreweil  well  up.  The  rfnls  are  kept  in  their 
^laoeft  by  nif^ns  of  staples^  ami  tw<J  iron  bands  of  hortie-ihoe  form  bolteti  on  either, 
EficJi  X  12  iaeli,  pre  fen  t  die  pie*."e»  from  ewagging  in  the  njidfllct  and  an  iron  plate 
■the  4  inch  pwrt  which  Wins  the  top  of  the  4  inch  X  12  inch.    The  iron 
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plates  at  either  end  have  a  2}-inch  gooee-neck  rivettfd  on  in  (lie  ccittre  of  tJbe  pblei, 
and  these  are  bolted  or  hinged  to  the  plates  A  and  B.  Whh  this  arrangemenl,  thfun 
being  but  one  hinge  at  top  and  bottom,  the  whole  living  chii  be  swung  In  a%  ri^bt 
angles  to  the  mast,  and  for  this  reason  one  of  the  hingeti  nn  ihe  mast  whidi  csrir  (be 
horizontal  pieces  is  placed  8  inches  in  advance  of  the  4>ther. 

A  travelling  block  runs  over  this  inclined  railway^  whiiOi  m  the  potent  of  W,  niitJt, 
of  New  York.  A  bridge  is  hinged  between  the  masts  and  Ia  tuwc^red  otiio  «ih]  )jvtw«n 
the  horizontal  booms. 

The  railway  is  double  track,  without  switch,  and  with  two  small  dump  cam,  Uk 
capacity  of  each  being  one  and  one-half  tons  of  coal,  c^re,  or  liallo^ 

A  4-inch  manilla  line  is  used  for  hoisting.  While  hoUtini;^  the  tub  from  the  h^ild  ii> 
the  heel  of  the  traveling  block,  C,  there  is  a  double  purctinst^  cm  hiro  ynn»  €t(  &  hm, 
and  as  soon  as  the  foot  block  and  traveling  block  mevtj  it  becotuef;  a  single  }iiin'hA«, 
and,  for  the  same  speed  of  engine,  double  the  speed  for  lLr'  wt^ight  U  iAitmtwd.  Tiue 
inclined  railway,  DD,  makes  an  angle  of  33°  with  the  bLrrismitud  btM^n,  EE.  T\ik 
angle  prevents  the  traveling  block  from  coming  in  befure  the  weljK^ht  is  hume,  md 
will  cause  the  traveling  block  on  its  return  trip  to  run  down  ti>  ench  pro|i«r  pUiie 
(which  is  determined  by  a  movable  clamped  block  currving  ruUber  cEUtklonnsJ  he^ne 
the  empty  tub  lowers. 

FF  are  |-inch  iron  bars  with  tnrnbuckles  and  are  pi^mded  with  a.  hixik  (w)  tlie 
lower  end,  and  can  thus  be  taken  loose  and  removed  t'mm  the  horlKr^ntu]  bonmts  whin 
it  becomes  necessary  to  swing  the  apparatus  inboard.  They  are  applied  and  »cttM«d 
home  previous  to  commencing  work,  as  they  support  this  bridge  jind  the  lood^d  lara^ 
in  other  words,  they  take  the  strain  off  the  horizontal  piec^n  EK. 

I  have  built  this  apparatus  to  accommodate  the  larg^l  billing  r^?^»!i«ls  aflivit,  nnder 
the  most  disadvantageous  circumstances,  and  it  wUl  njierrue  with^Mit  ia\Y  trmiblt 
wlien  the  ship  is  listed  badly,  when  nearly  empty,  at  a  very  high  tide  or  a  very  low 
one ;  the  length  of  the  booms  EE  being  sufficient  to  guarantee  it  to  work  for  any  beam, 
and  the  movable  block  Q  determining  the  position  of  the  traveling  block  when 
stationary,  in  the  act  of  hoisting  or  lowering. 

I  use  a  9-inch  X  10-inch  cylinder  hoist,  built  by  Stokes  &  Parrish,  of  Philadelphia; 
the  tubs  hold  fifteen  hundredweight  of  ore  or  ballast.  I  let  the  exhaust  steam  back 
into  an  iron  tank  which  holds  the  feed-water  for  the  boiler ;  with  only  fifty  pounds 
steam,  burning  three  hundred  and  sixty  pounds  bituminous  coal  in  ten  hours,  I  can 
handle  three  hundred  and  sixty  tons  of  ore  or  ballast,  or  one  ton  per  pound  of  coaL 
As  one  hundred  and  sixty  tons  of  cargo  in  the  old  method  is  considered  a  good  day's 
work  for  a  consumption  of  four  hundred  and  eighty  pounds  of  coal,  1  think  this  result 
is  very  satisfectory.  The  whole  structure,  outside  of  engine  and  boiler,  can  be  built, 
including  cars,  railroad  iron,  etc.,  for  $2000. 


L.AXD  SURVEYING  IX  PENNSYLVANIA. 

Meeting,  March  20th,  1880.— Mr.  Chas.  E.  Billin  made  the  following  remarks 
in  regard  to  improvements  in  existing  methods  in  land  surveying: 

Tlie  subject  is  one  which  may  not  be  considered  as  of  direct  and  personal  interest 
to  each  Member  of  the  Club,  but  it  certainly  is  a  subject  of  sufficient  importance  to 
deserve  our  attention. 
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The  Memben  of  tkk  Chtti  nre  <3t»ulitlesH  Oimiliar  with  the  Memoriftl,  prnying  tor  a 
Ui«sr»»iiKh  getidetif/  survey  of  the  StHtc,  which  was  prepared  and  pre»oiii4^cl  to  the 
Lc^i?<lalufeor  Pennsylvania,  itt  Junuarv,  1870;  it  iuvs  since  UH^n  iiuhlij^hi'd  in  VuU  I, 
No.  If  of  our  Prciceedings**  The  gre^t  nccetisky  for  Kuch  work  wtiK  fpU  I'oth  by  the 
MemlheJ^  of  tiiti  Chih  Knd  by  tlie  insiiiy  learned!  !^fM;;icti«?s  ond  inf1ii(?nlial  i4li£viiB«  who 
joine*!  an  pt?titic>njng  for  an  appropriation  fmm  the  Legislature  Sn  I'lirthoranoe  of  the 
object  Sfiiighl,  vi£„  gtiotl  antj  reliaifle  nia|H  nf  e^ii-h  c^nmty  and  tt^wniihip  iii  the*  Slate, 
Th«  cirii^inatorsof  the  movement  had  also  in  view  the  hvt  thnt  sui*h  work  hh  wna 
pn>p(i9ed  would  bring  out  and  cmpluisize  many  ini|)orLajit  poiiila  in  L'onnL<tion  with 
dfttaii  iwelbodts  iiTid  restultH,  tifled  and  obtained  by  country  surveyors ;  and  triii>ied  that 
tlic  ptjbJieity  tliiks*  given  to  cdtl  and  ruile  melhoda  at  pre&ent  eniphjyi?<l  woTiid  It^ad  to 
wb*?  I#*gi^latk»ii  with  reference  to  land  surveying,  improvement!*  in  existing  meiho«la, 
the  e?JtiihlUbniei»t  of  fixed  and  nee<ieil  ttinndiirdHj  und^  an  a  consi^^iiencej  to  a  higher 
siariilftrd  unioug  tlie  njen  iu  our  sState,  who  ]>erforin  tlie  rew|M.inH.ble  wf»rk  of  surveying. 
Thr  Legislature  of  1878-1879  fnile<^l  to  pass  the  aet«*  ne^-ct^ury  for  the  organiwition 
of  Aueh  work,  and  PenuRyivfinia  m  therefore  obliged  to  eontinue  to  nubniil  lo  the  dis- 
gnit^  of  biiving  no  reliable  map  of  itn  vant  dommn^.  The  moHt  vabndde  hmdK  of  the 
Com i«ou wea  1 1 h,  Jti?  well  iw  the  fifMi rent,  are  still  Aurveyeil  and  nifjuiufcd  by  methods 
wbirh  were  already  old  and  fiiidty  when  our  forefuthers  need  ibem.  1  can  not  help 
ctmi plaining  of  the  very  nnwipe  prdiey  whieh  iirompted  our  would-Ve  statesmen  m 
Harfiiibiirg  to  pmn  hy  a  ineajiiure  pw  important  to  every  property-holder  and  interest 
in  (hr  State, 

The  prineipftl  duties  at  present  eicpected  of  a  surveyor  are  in  themnelvefl  very  sim- 
ple* They  «re  that  he  ihall  he  able  to  une  the  surveyor's  rhnin  and  eomimBs^  to  plot 
i!onf««w  ftiid  enleulace  the  aream  wiUiin  boundary  lines.  These  dtaie^  iire  oiten  dis- 
ehiirgrtJ  ignornnily  and  very  earelesyly.  But  even  when  intetligent,  eonscientious 
men  attenijit  to  do  thorough  aurveyin^  work,  they  are  frefpiently  met  by  what  pmve 
Itmu m ion n table  difficulties.  The  tnieing  or  following  of  boundary  liuep^  whieh  were 
loeaied  many  yeara  ago  by  very  imf>errect  menn^,  and  which  have  ofien  been  either 
erronefiusly  kK-^ated  or  ohliteratetl,  is  a  ratM  ditlicuii  t^ink*  But  the  ohl  luetlimlt*  are 
aiill  in  twe,  mnd  it  iji  to  ihetr  correction  that  the  Club  ahotjld  devote  some  of  ito 
energies* 

B«!Kide  (he  oorrej^tion  of  ejcintitig  nietbodB  in  Innd  surveying,  ilie  Club  should  also 
Aim  to  advance  and  enlarge  the  seo[M?  of  work  among  our  siuveyors.  The  ofhee  of 
^urteyor  Nhotdd  be  one  of  iippoinlnient,  depending  on  examination  by  a  leebnical 
ikiapl ;  II nd  no  other  snrveyorfi  than  ttiose  authorized  by  the  Board  should  be  per- 
mitted to  re^.'ord  work. 

There  is,  in  fact,  a  large  amount  of  work  whieh  should  be  inchidecl  in  the  duties  of 
the  f>urveyor.  He  should  kn<»w  ^ximetbing  of  the  art  of  correctly  repro'Ciiting  the 
detiiik  of  the  surface  by  topognvphical  Nketcliing.  By  the  cidlei'tton  and  c<^mpllatioTi 
of  lofMigraphical  work,  whieh  can  be  easily  done  when  running  out  Wnndary  lines, 
not  only  much  valuiible  material  in  regard  to  open  and  more  Hetlleil  ]Xfr(ions  of  the 
Blatte  could  \i&  preserved,  but  snch  work,  in  m^iny  mountainous  districti*,  which  are 
tivrlay  incarcely  known,  wouhl  be  found  most  vahmble  in  working  nut  trustworthy 
CQiinty  mai».    The  location  of  streams  and  other  natuni!  featuri^  would  much  en- 
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hance  the  value  of  the  survey.  Jn  uiiImprove<l  fH»tricti$  of  the  Bt-stte  tlib  noulU  )it\^ 
in  the  elucidation  of  the  totH>gmphy,  ^nd  inii^ht  ot't^ti  point  lo  laiidi$  wLi^h  are  wurttiv 
of  cultivation  and  imprwvtitieiit.  The  Surveyor  *)hould  also  know  siom^hing  «f 
geology,  and  he  familiar  with  the  reiatiun  lietween  the  rocks  and  the;  orc^s  an<i  »tiik 

An  improvement  in  the  inteOec-timl  HUindiLrtl  iLtid  in  thc^  mathtnlii^  of  vork  Among 
our  surveyors,  must  nece.Hfiarily  lead  to  a  corriMpondiag  advancement  in  their  social 
and  official  position. 

Because  we  did  not  suweed  in  our  finit  iittempt  to  start  thorough  and  orgtinheA 
geodetic  work,  is  no  reason  why  we^lK^uld  despnir  of  Winie:  more  £tuea^«siirul  iaanr>i.h^ 
attempt  It  might  not  he  wl^^  Ui  ugAtii  pi^tition  the  Let^islature^  though  if  juiy  iruriD' 
bers  considei  this  a  promif^ing  Une  of  Imttle  it  in  certainly  worth  the  attempt. 

The  suggestions  which  1  wbh  to  make,  and  whit*h  are  prefaced  by  the  ft>reg<>ing 
remarks,  may  ultimately  ret^ult  iu  thorough,  general  and  connected  work  being  dottr, 
but  it  must  be  reached  by  Ai>w  degrees 

I  would  suggest  that  the  Cliih  is^^suc'  n  cin.-ular  tti  all  8urveyor»  in  Penney  I  vaiiii^ 
asking  for  (heir  opinions  u^  to  the  advi^ubility  of  culling  a  Stitte  Conventiciit  to  bt 
held  under  the  auspices  of  tiie  Club,  either  in  Phibdclphia  or  HarrMburg,  in  ofdiir 
to  discuss  some  of  the  many  (|ue^tion:^  an  regtirdt^  vuri^tionii,  measuromc^nts,  standard'' i 
calculations,  etc.,  in  surveying.  The  Omventiou  to  organize  for  the  advancement  of 
the  profession,  to  appoint  isonimif  tees  whcjsic  duty  it  shall  Im»  to  report  on  ajieeial  sab- 
jects  to  a  future  conventifiu^  nnd  to  provide  nte^ina  for  publie^don^  of  reeatdi*  and  re- 
sults. Also  to  promote  tiie  profession  hy  Jkvoring  legLBhuion  which  will  niiike  it 
obligatory  that  candidaten  j{>r  tlie  ofliee  of  Surveyor  ahall  undergo  a  rigor^^n^  exami- 
nation by  a  Board  appoiiitei  by  the  Oovi^rnor — the  jio^^ition  being  niajde  morv  of  an 
object  by  pay  increased  iu  projK>rtiun  to  uftt^fulnea^ 

Also  with  the  ultimate  end  in  viow  of  ereuting  in  enoh  Cnunly  tiic  offire  f*f  Cc»imty 
Engineer  and  Surveyor  (with  a  Central  Board  of  Engineers  in  Harrisburg),  whose 
duty  it  sliall  be  to  give  advice  in  the  location  of  new  roads,  to  take  charge,  as  engineer, 
of  the  construction  or  repairs  of  roads  and  highways,  the  erection  of  bridges,  the  con- 
trol of  streams  and  the  carrying  out  of  more  permanent  internal  improvements. 

I  trust  the  Club  may  deem  the  suggestions  of  sufficient  merit  and  importance  to 
take  some  action  ui>on  them. 

The  work  of  the  Club  should  not  be  so  much  the  publication  and  discussion  of 
abstruse  problems  and  formula?  connected  with  engineering  work — for  the  American 
Society  of  Civil  Engineers  provide  ample  and  more  valuable  opi)ortunities  for  this — 
but  we  should  endeavor  to  improve  and  elevate  to  a  higher  standard  the  work  being 
done  about  us  in  this  City  and  State. 


U.  S.  COAST  AND  GEODETIC  SURVEY  OF  THE  DELA- 
WARE KIVER  AT  PHILADELPHIA. 

Regular  Mep^tino,  April  3d,  1880.— Mr.  Rudolph  Hering  exhibited,  on  behalf 
of  Mr.  Sam'l  L.  SmedJey,  the  original  plane  table  sheets  of  the  Delaware  River  Sur- 
vey in  front  of  the  City,  from  Bridesburg  to  Fort  Miffiin,  executed  by  the  U.  S.  Caist 
and  Geodetic  Survey,  Waxliington,  D.  C.  Mr.  Hering  also  gave  a  resum^  of  a  valu- 
able Report,  )\y  Mr.  Henry  Mitchell  of  the  U.  S.  Coast  and  Geodetic  Survey,  which 
accompanied  the  above  charts,  as  follows: 
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The  grt^wUi  of  Philtiflelphia  along  the  rWer  front  hm  made  the  qucHliun  tif  the 
proper  location  ant!  form  of  the  diunnel,  tm  ivc:(^>nnt  of  the  vaUmhle  ripsmiiu  HghU) 
■nd  prhile^«,  a  very  ini|*ortant  ^me.     It  mii^l  »onn  he  ecUled  hnw  far  flie  opjiosite 

ore-owGL'i^  can  c3Ct?ti<I  their  wJitirvc*.  It  therefore  bet^omeu  ner(^sary  lo  dctenmtie 
wbd^t  h  Hie  ^mfniini  cliiLtmel  and  it^  v.»&efiiini  form. 

1g  order  to  approach  lo  a  ration^iJ  (*olutirjn  of  the  prohlem,  Mr*  Mitchell  siJggie»tt 
ma  iogenmiig  method  which,  it  seem?,  is  Ukely  to  aceonipli^h  the  olyect  in  a  maf« 
fici^ntiBe  mminor  thsm  htm  heretofore  been  prsiolk-eit  The  shore  Ime  and  thalweg 
\ming  both  vei7  uneertiiin  are  both  dinojinJed,  and  a  emootli  pmiile  is  Kidistitmed, 
fvdtieed  from  the  actnal  soundings  hy  a  formula  biuied  upon  L*riam  typi>  forms  of 
fleetlon.  The  shore  lines  are  thus  eorrecteil  by  eUminatiiig  accidental  feattires^  and 
tbe  Qonnal  pojitton  of  the  thalweg  h  fixod. 

The  Q^l  that  mid-<irm  and  mid-rolume  preaent  lines  at  ail  sharp  bends  and  eoindde 
omlj  in  rtrJUfilit  reaches  or  at  jMjintg  of  reversion,  and  that,  when  the  river  has  re- 
ceatlr  Bhiftwl  iij*  bed  and  not  i^upplitd  the  materia!  for  tilling  up  its  o!d  channel,  tlie 
line  of  mid-^xfta  would  not  reprvs*?ni  the  line  of  mid-t^lutna^  m  the  ^^rcat  source  of 
Uviuhle  in  nieeting  locul  que^Jtioiis  of  jurisdiction  and  riparian  title. 

The  form  of  croBs-aectioni*  iis  dei>emlent  upon  the  eurvatnre  iJi  the  conrse  of  the 
fltnmQi.  In  i^traight  reaches  it  is  Hymniutrical,  ttic  a(»ex  lying  midwiiy  between  the 
ihorvs;  in  lieotlfi  the  greatest  tk'tJtb  lies  nearer  the  concave  shore* 

In  applying  hi»  method^  Mr*  Mitchell  fir^t  seeks  the  foundation  form  nl  «tnught 
fesiHit**,  iintl  tii*?n  iniriKluoes  into  lU  eqtiatiim  eltnii?nl«  of  clnuige  tialcnhiit'<!  lo  ci>rrect 
the  curve  reprt^enting  It^  into  one  adapted  to  tlie  form  of  Becliitii  observcil  at  bends, 
etc  The  fundamental  form  7urii^  in  dltTerent  aoilu^  etc.^  but  it«9  profile  seems  to 
C»cil1iile  lie t ween  the  curve  of  sin**,  whose  arc  is  1.57  time>i  the  mean  width  olwervod 
(from  surface  to  bottom |,  and  whot^*  mfiximnm  ordinate  Ik  !,57  liniei*  the  mean  lieplh 
»hore  to  shore),  to  the  ellijw^e  wh<.Jt*e  axia!  ratio  h  that  of  mean  dcqith  tt>  half 
wit!th.  In  practice  the  ttrst  la  the  most  convenient,  Tbeiie  cnr^'esi,  with  the 
prCijK^r  cofltii'ienU  dedu*?ed,  will  replace  the  ob^ervetl  funiiameniid  scilion  Ijy  one 
preserving  all  it^  rMentiid  features  withfiut  its  accidental  onej?. 

For  bemli*  the  eipiation  miL*«t  1h?  changed  f*o  tliat  the  curve  will  give  a  prnfile  in 
wliicli  the  centre  of  gravity  is  moved  without  diminution  of  t!ie  area*  This  is  done 
by  fljdding  an  clement,  which  will  reduce  one  part  and  etpmlly  increaie  tlie  other. 
And  TM  M'l'^mipMj'^hed  by  adtlin^  a  certain  term  to  the  ei]uatlon* 

Where  there  is  si  tendency  of  tlie  stream  to  splii^  a  thinl  term  must  be  added,  and 
tttany  ilevic^  Lieionie  neee^isary  in  fitting  the  computed  to  the  obuerved  cone  till  no 
r^enrrtftit  cnrvei  appear  in  the  reBiduaJs. 

Ty\^  forraji,  »£  tlius  found,  ore  giren  by  Mr.  Mitehell  and  adapted  to  the  Delaware 
in  front  of  I  he  Ciiy. 

The  pfiw-'tjcal  advantagaf  resulting  from  the  application  of  these  fbmuilje,  which 
gcnendlxe  tlie  form^  of  tlie  sections,  wil!  be — 

JFirsi^  To  determine  the  normal  pot^Utons  of  the  shore  lines  and  the  thttlwe^^  bff 
dtdutin^  iheiH/nym  all  the  meafure^  of  each  aTjiM-fleclM?n. 

JSttxmd,  To  decide  what  feature  in  any  cross-section  has  an  artiOcial  origin,  or  is 
io  receni  thai  the  iitream  has  not  yet  accommodated  iti^eif  to  the  change. 

mrtL  To  deeidt^  what  p4iHttion  of  any  erotis-aection  can  lie  permanently  improred 
Iij  dredging,  and  wht^re  dredging  would  only  give  temporary  relief^  if  any> 
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Fourth.  To  measure,  in  advance,  the  degree  to  wbich  any  projioaiHl  stmetuit 
would  injure  the  channel  or  induce  changes  elsewhere. 

Mr.  Mitcliell  then  proceeds  to  apply  this  method  tn  the  Delaware  BiT«r,  wd 
offers  many  valuable  conclusions,  fiefore  a  second  mr'i^  of  roiinditig^  uvoi-  the 
whole  river  bed  have  been  taken  and  compared  with  tlie  pre**eut,  hi  order  lo 
properly  correct  cause  and  effect,  no  discussion  of  wh^tt  i^itlly  ar^  ^ncroaclimdili 
upon  the  stream  can  be  final;  and  he  therefore  merely  iiidicAtes  in  a  very  inlerestii^ 
manner  how  this  kind  of  inquiry  should  be  made. 


NOTES  ON  TOPOGRAPHICAL  ]*L\PP1NG. 

Beoular  Meeting,  April  3d,  1880.— Mr.  A.  E.  Leliman  eiUihited  »  very  well 
executed  topographical  map  of  the  middle  section  of  that  (>ortion  of  the  Bouth  Mooo' 
tain  Range  included  within  the  State  of  Pennsylvania. 

The  work  shown  covers  an  area  of  83  square  miles.  It  reqtiirecl  334.3<1  linc^nr  mila 
of  survey,  that  is,  4.02  linear  miles  to  every  square  mile  of  topogrsipliy. 

For  every  linear  mile  of  survey  made,  an  average  of  about  4  milcM^  hud  to  he  iralk^ 
making  a  total  distance  of  1337  miles.  The  levels  were  all  fun  by  vertioal  aiifles, 
which,  in  no  case,  exceeded  an  maximum  of  27°30'.  Circiiite  of  over  25  mtle*  wtre 
made  and  closed  within  1.50  feet.    The  largest  circuit  (85  mileji)  wsl^  within  M)  feet 

Have  since  closed  a  circuit  of  95  miles  within  2.30  feet,  Thh^  however,  h  ^  dtt^ 
as  to  arouse  suspicion  of  its  accuracy;  and  is  most  probably  due  to  the  eltmbfttitn]  of 
errors  throughout  the  line. 

The  geological  formation  is  azoic,  consisting,  for  the  moBt  part,  of  quartxit^  and 
porphyritic  rocks,  chlorite  schists  and  epedote.  Bich  de]>o«4its  of  magtietic  and  benub 
tile  iron  ore  are  the  economic  mineral  features  of  that  district. 

One  hundred  and  seventy-six  rock  dips  were  taken  and  accurately  located.  The 
normal  dip  is  S.E.  and  averages  al>out  40°. 

The  region  is  thickly  wooded  and  produces  a  dense  undergrowth  of  laurel  and 
other  brush,  which  seriously  retarded  the  progress  of  the  work,  requiring  tlie  services 
of  the  axeman  on  at  least  one-half  of  the  line. 

Among  other  ol>stacles  encountered  during  the  progress  of  the  work,  more  exciting 
than  technical,  however,  were  thirteen  rattlesnakes,  copperheads  and  blaek  snakes 
innumerable,  and  one  panther. 

During  the  field  season  my  party  consisted  of  five  persons,  and  in  the 
months  we  lived  in  camp. 


RAPID  TRANSIT  IN  PHILADELPHIA. 

Business  Meeting,  May  Ist,  1880.— Prof.  L.  M.  Haupt  presented  his  views  upon 
this  subject  as  follows : — 

The  history  of  all  engineering,  industrial  and  social  improvements  or  innovations, 
reveals  the  fact  that  there  exists  a  class  of  persons  who  from  ignorance,  conservatism, 
or  self-interest,  are  actively  opjwsed  to  the  introduction  of  all  such  works  or  reforms. 

So  universal  is  this  law  of  opposition  that  every  engineer  or  projector  of  anjr  im- 
portant public  work,  who  hopes  to  succeed,  must  make  provision  to  meet  and  alia/  it. 
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Often  it  is  by  ffir  the  most  difHcult  factor  m  bm  prtiblem,  and  one  hernre  wbit'Ii  tbe 
mere  fiKvsinal  ab^tjitlcs  with  whJch  Jie  lias  to  contend,  sink  into  inNi^i  I  finance.    Mat- 

»ier,  a?<  it  present*  itself  to  tbe  t'onstmctor^  i^  ummlly  inert  unrt  paKsivc,  wJiils^t  mind  ia 
pLiient  Ami  siciivi?,  (jekl*?  und  intjingibie;  imt  im  inteiligciit  pui>lit\  iir^ttln^  from  BiclPi, 
«oi  foiK'ii'S,  witi  rtfadrly  iirrive  lii  correct  eonol  lis  ions  and  lend  a  willing  aiippiirt  to  iiny 
or  n\\  enterprises  intended  to  promote  the  public  weaL  Uufortnnutelj  »  lur^e  |K>rtitin 
tjf  tbe  opjK3T»e0t«  of  un  enterprise!  ure  not  open  to  c<mvietion*  Such  are  tbe  igni>riint 
or  »l:'ltl^b.     Tbe  etJUHervjitive  mav,  and  generstlly  do,  yield  at  the  la**l  nitjnicut. 

Oppoeitionf  then  J  m\m  be  03t|>ecteiJ  and  rew>ghi3M!d  iii*  an  element  in  ibe  Eopid 

ITnuit^ii  problem  as  in  nil  others,  but  the  objections  which  have  been  nrgcd^  ure,  to  my 
tin*  lisist,  pnerilt*.  meaningl*?^,  and  almost  a  dijigrace  to  an  enlightened  eomiininity. 
When  the  opponents  of  an  enterprbw?  are  obliged  to  resort  to  opprobrinm,  to  prejudice 
pnhltr  M?n(inient^  it  is  nn  evidence  of  their  impotence  and  sboviw  clearly  that  there  are 
no  viilualilt  facts  to  which  they  can  apjienl  in  HUp(X)rt  of  their  c^nwc;  when  it  it*  also 
penienibereii  that  iheohjecturs  are,  in  gcnend,  largely  interested  in  the  existing  ground 
Ttmii%  it  revcjdH  nt  once  tbeaninuis  of  these  public-spirited  (?)  citizens^  and  removes 
the  piingiency  of  their  .itricinrt^. 

1 1  is  a  fact,  pr*»vcMi  l>y  experience,  that  ftieiliti/  of  commuftkfitkm  r>  mir  nf  the  mmt 

•  poient  dtmrfttt  in  htiman  protfre^  nnd  materia! dcvelopmenL  Volumes  of  evidence  might 
lie  ad<lnitsl  tn  support  of  thi.^  propositionp  but  any  enrefnl  oheerver  of  extents  will  be 
ftnttiified  to  atx'epi  H  without  demonstration,  Wlnitever,  therefore,  tends  to  facilitale 
inlen?rifnmunie»(ii»n  will  et>nfer  a  benefit  upon  the  city  and  promote  it*  prosperity^  Is 
11  ntil  a  fael  that  wheievcr  tliere  are  niilroads,  ihere  paptdntion  \b  most  dense  and 
pnwfierty  mont  valuable?    And  sre  we  then  to  argue  in  optMjsition  to  tbe  factsi,  that  the 

•  cntmt ruction  of  a  road,  Miitrh  a»  that  pTtjpot*ed  on  Market  smd  other  Hlreet!*,,  will  prf*- 
dnoe  an  client  directly  the  reverse  of  that  which  all  past  experience  show h  to  re^^ult? 
In  Nl*w  York  the  i^ame  iihjection^i  were  reiterated  until  tliey  l^ecame  threadbare,  l>nt 
lime  tiaii  prnvcn  them  to  be  fallucioun,  for  instead  of  the  stores  bein^  chtH(>d  and  ten- 
ant !<$h<»  or  tbe  hidldings  hnrnet)  down  or  shaken  to  pteceSi  aa  wa»  pre<lictef],  the  facta 
arejnsi  the  reverse:  rentn  have  Ijeen  raked  on  the  streets  and  avenues  oc^^^ pied  by 
the  '*L'*  roatlfi,  and  the  *tanitary  (tfudition  of  the  popnlation  has  been  improvetl  by 

•  f?n»biing  ritizt^ns  to  remove  fmui  their  noisome  tenements  to  purer  air  and  omre  c^^tm- 
iTi'jdions  hotne$  at  a  le^«i  annual  expense. 

As  to  the  cciutamimitiim  of  the  air  by  the  smoke  and  gasesof  the  engint^s,  it  may  he 
ftaid  thai  it  is  far  Ic^  iiijurions  than  that  prcnhjced  by  the  exhalations  and  ellhivia 

I  emanating  fj'tjm  thti  thrnisands  of  hitrses^  reeking  with  |x*rspimtion,  which  an*  used  to 
propel  onrFtro?t  car«.  This  objti^lion,  if  Hjri<'usly  itrged,  could  he  readily  met  and 
climinatetl  by  tfte  intiodnction  of  a  comprei^sed  air  or  other  motor,  generating  no 
fsojuous  grwe*  along  tbe  route*  Such  pneanratic  motors  have  been  exi.>erimented  upon 
in  New  York  wiili  groat  suecei^s. 

The  Mlrttog  [folni  of  ihe  npjHfsitlon  seenifi  to  be  bayed  u[K>n  the  statements  that  elevated 
rtnuj^  fxrt  iwt  nftfktL  This  objection  is  an  echo  of  tbe  past  and  is  no  more  true  to-dnj 
tlijui  when  it  was  iirj^e*!  by  the  pniprietors  of  tbe  stage  lines  in  support  of  their  own 
inten;»ts,  whilst  ihe  ioug*NU tiering  citizen,  who  had  never  ki>own  or  dreamed  of  any- 
thing J>ciier,  waK  e^nitent  to  liave  hh  vitality  f^haken  out  of  him  by  in^'hes  as  he  rattled 
over  tbe  coljble*  from  Kensington  or  South wark  to  the  Exchange  and  liaf'k* 

I>uulrtJe8!)  there  are  many  of  our  wealthy  merchants  and  professional  men  liTing 
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west  of  Broad  street,  who  do  not  need  and  could  not  well  use  such  an  elevated  road, 
were  it  to  be  constructed, — for  them  the  walk  to  and  from  their  counting-rooms  or 
offices  is  necessary  recreation,  and  in  wet  weather  the  street  cars,  though  they  are  then 
damp  and  foul,  are  available, — to  them  the  few  minutes  saved  may  be  of  no  consequence. 
But  they  do  not  constitute  the  class  most  interested  and  who  will  derive  Uie  greatest 
benefit  from  the  proposed  improvement.  It  must  be  remembered  that  the  mnjority 
of  our  citizens  are  laborers  who  are  required  to  be  at  work  at  7  A.M.,  and  to  continue 
until  5  or  6  p.m.,  and  who  must  of  necessity  live  near  the  suburbs  where  rents  are  low. 
To  reach  their  siiops,  thousands  of  these  artisans  and  mechanics  are  obliged  to  ride  in 
cars,  some  from  West  Philadelphia  to  Kensington  or  League  Island,  or  vice  versa, 
many  of  them  requiring  exchanges  and  consuming  more  than  two  hours  each  day  in 
transit.  Thus,  they  must  break&st  before  five  and  sup  after  seven.  The  interval  is  left 
them  for  social  life  and  rest  Bapid  transit  would  save  to  them  the  most  valuable  hour 
of  their  day  and  cause  no  greater  expense.  The  construction  of  the  work  itself  would 
also  benefit  this  important  class  of  citizens  by  giving  employment  to  a  large  number  of 
skilled  artisans  during  construction  and  operation,  and  would,  moreover,  attract  work- 
men to  the  city,  who,  by  their  patronage,  would  increase  the  business  of  the  retail 
merchants  and  others. 

The  ease  and  rapidity  with  which  travel  could  be  effected  would  stimulate  othen 
to  move  about  more  freely,  and  this  in  turn  would  react  upon  the  trade  of  the  city  and 
promote  its  growth  and  prosperity. 

The  pleas  of  the  opponents  are  more  numerous  than  forcible,  and  some  of  them 
directly  contradictory.  For  instance,  it  has  been  said  that  the  City  Councils  should 
not  grant  such  a  valtuible  easement  for  a  mere  song,  and  almost  in  the  next  s^itenoe  it 
is  asserted  that  no  one  wodld  ride  in  the  elevated  cars,  and  hence  the  enterprise  would 
be  a  miserable  failure.  Again  it  is  urged  that  if  such  a  privilege  should  be  granted  to 
one  company  it  would  establish  a  precedent  for  others.  If  the  first  road  were  a  suc- 
cess, it  doubtless  would  have  such  an  effect,  and  the  fact  of  its  success  would  furnish 
the  most  satisfactory  kind  of  evidence  tliat  there  was  need  of  it  and  room  for  it,  and 
others  would  doubtless  "follow  as  the  day,  the  night." 

The  city  is  no  longer  limited  by  Vine  and  South  Streets,  but  measures  over  14  miles 
in  length  and  7  in  breadth,  and  the  sooner  facilities  are  afforded  for  reaching  these 
remote  districts  rapidly,  just  that  much  sooner  will  they  be  inhabited.  Any  obstacle 
to  communication  is  a  bar  to  progress.  This  is  an  indisputable  fact,  and  it  is  a  serious 
objection  to  the  rectangular  or  "square"  system  of  laying  out  streets,  that  persons  liv- 
ing on  the  diagonal  lines  must  waste  forty-two  per  cent,  of  their  time  and  energy  in 
zig-zagging  around  corners  to  reach  their  objective  poinU;  for  the  diagonal  of  a  st|uare 
is  forty-two  per  cent,  shorter  than  the  sum  of  its  two  sides.  Hence  it  is  evident  that 
for  the  remote  corners  of  an  extensive  city  there  should  be  avenues  oj)ened  in  the 
direction  of  the  diagonals.  These  would  become  the  thoroughfares,  because  everyone 
knows  that  "the  longest  way  round  is  the  neare<>t  way  home"  oidy  under  p>eculiar  cir- 
cumstances. 

At  the  pre-ient  rates  and  velocities  of  travel  it  is  manifest  that  there  are  practical 
limits  from  beyond  which  it  would  be  unwise  to  expect  trade,  but  if,  by  any  means,  the 
time  alone  could  be  reduced  one-half,  cctteris  paribus^  the  distance  would  be  doubled 
and  the  tributary  area  increased  four-fold ;  or,  in  other  words,  the  business  of  those 
stores  situated  on  the  line  of  the  road  would  be  theoretically  quadrupled.     This  con- 
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rltifioir  U  snljAtaniifitefi  by  i^atemente  of  Kew  York  merchants,  wbo  mj  their  bii^tness 
Jsa?-  iriiTe)is€?<1  more  ilian  three-fold  m  isomer ja^nce  of  the  *'  L"  ronds. 

Thr  fiilurtr  i^owth  of  thitj  fity  i«  tcitjlmj|ruiit  u|xjii  the  conn trut-t ion  ^if  jiiat  atidi  fnci- 
Uuci  of  etiiuiuiinji'alion  m  are  now  proijoeed,  and  it  ts  Mit?ved  that  they  will  merit 
ibe  Jicajty  siipjiorl  and  co-opemtion  of  every  intelligent  citi/t;n  who  enmesily  deaires 
lo  promote  ifie  corufurt,  convenience  and  welfare  of  Iiifj  ftl  low  nmn. 


NAKROW  OrAGE  HAlLliO.Vl>!^  IN  THE  OIL  BEOIONS  OF 
Mi'KEAN  COrNTY.  PENN8\LVAJtflA* 

REGrLAR  Meetino,  May  lorn,  1880  — Mr.  Arthnr  W,  Sheafer  kid  before  the 
Club  ifie  follow  Jijg  ntdm  up<m  the  OltHin,  Rmdlbrfl  anil  Warren  and  the  Kendall  and 
EUlr^i  Riiilroath,  in  the  oil  rt^gion»  of  McKean  County,  PdonHylvanlar — 

The  Dlean,  Bitulfofd  and  Warren  11.  R.  is  twenty- three  miles  in  Itsngth,  eoonecting 

BmiJftinl,  MoKean  Co.,  Piu,  with  Olean,  N.  Y.,  and  rising  to  a  height  of  2398  fijet 

I  «bo¥«!  tide,  or  MO  feet  alxive  Oleiiii,    Oi»ige,  i^  feet.    Ruils,  STa  to  40  pounds  per  yard* 

Maxtmiim  gr:u1e,  IHn  feet  per  mile  fiir  500  feet  iu  lenglh,  and  180  feel  per  nnle  for 

I  two  Diili^  on  north  side  of  summit.    Maximum  curve,  30°,  350  feel  in  length  on 

tf^tle  25  feet  high. 

The  Allegheny  Kiver  is  oroB&ed  by  a  Howe  trass  bridge^  of  three  spanB,  100  feet  mch. 
The  HJad  was  eommenced  in  Novemljer,  1877,  mid  in  sixty  dayi  tmiu  were  run- 
I  minjLT  In^tween  the  termini. 

The  4Ti«t  wan  $<^200  per  milei  or  fTOOO  per  mile  including  equipment* 
The  Kendall  and  Eld  red  K.  E.  m  18^  milei^  in  lengthy  reaching  from  Bradford  to 
Sdffsd,  MeKean  Co.,  Pa. 
QuaKe,  ii  feet.    Bails,  35  and  40  pounds  per  yard.     Maximum  grade,  IdOi  feet  per 
Liuile  for  2}  miles,  and  13d  feet  |wr  mile  for  3  uiil^i  on  earit  i^ide  of  flummit.    fc>ninmit, 
6o<S  feci  aliove  Eklreil,  or  20fl0  feet  ahtive  tide.     Maximum  cur\'e,  SU***     CrofiScs  the 
]  -Allegheny  River  on  a  Howe  tniH*i  bridge,  two  spans,  90  feet  each. 

The  road  was*  built  by  contract  at  ^3i>00  t>er  mile  for  chopping,  clearing,  grading, 
funii^hing  ties  and  laying  iron — the  company  furniiihing  the  latter.    Total  cost,  |5200 
per  mile. 
TotJit  coBt  of  roadj  including  building^  buying  right  of  way,  equipment,  stations, 
I  sidings  for  2 J  mile^  etc.,  was  1150,000, 

In  AuguBl,  187S,  or  ninely  days  after  the  running  of  the  prelimiuary  lines,  trainA 
were  running  from  Bradford  to  Kldred, 

The  eogineti — 1^  lotid — are  ealeulaied  to  haul  96  tons  over  the  30^  curve  and  156} 
idQl  grade. 


DIVING  APPARATUS.— SYSTEM  OF  RONQUAYRAL  AJTD 

DENAYBOIZE. 

Mkktihq,  Mat  15th,  1S80.— Mr  J.  J*  de  Kinder  presented  a  description  of  the 
i^Kive  apparatus. 

From  I8<i7  nntil  1870,  wliile  in  the  Kerviee  of  the  Dutch  Governraenti  1  was  sta- 
tionwl  with  a  con-ette  at  Padimg,  on  the  west  onajt  of  Sumatra,  one  of  tie  islftnds  of 
I  the  Indlaa  ArcbipelagOp 
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As  there  are  no  dry-docks  or  slips  there,  nearer  than  Batavia,  m&me  TCIO  mlkm  a/E, 
80  the  station  is  provided  with  submarine  diving  appiti^Eus,  of  which  iUev  tuvt^  tvo 
systems: — 

First,  the  system  which  is  in  general  use  in  the  U.  S.  A.,  viz*,  th^  ntUtfcr  mm  irltb 
brass  helmet,  etc.;  and  secondly,  the  system  of  Ronquayml  and  rh^nfiyroiiir,  anm?  «?i- 
tensively  us:d  in  Europe  and  almost  exclusively  in  India. 

In  my  capacity  of  engineer,  I  was  generally  called  upon  when  stirv<»ys  wt^re  tie*  1*1  nn 
vessels  wliich  had  touched  bottom,  or  where  tempomry  repairs  were  neeesiKary  to  i 
vessel's  hull  under  the  water-line. 

As  I  am  not  aware  of  the  use  of  the  Ronqnayral  and  Dt^nayrouw  or  Fnmcfa  it«F 
tem  in  the  United  States,  I  think  a  few  words,  in  re^rd  to  its  construction  Ht»d  tis^ 
may  be  of  some  interest  to  those  who  are  interested  in  ^ubirturine  diving. 

The  apparatus  consists,  first,  of  a  thin  iron  cylinder  j4  ralle  1  the  roMrtwir,  whirb 
is  about  S^^  in  diameter  and  about  16'^  long,  closed  oo  both  ends.  In  the  eimlre  «J 
one  end  a  hollow  plug  B  is  secured,  which  receives  the.  air  ttilie  or  hfip»e  w]j&-jj  tht 
apparatus  is  in  use,  Anot/.er  thin  iron  cylinder-sha])e<l  v^^ssel  C  in  securely  fa^tr-ijed 
onto  the  cylinder  A;  this  is  called  the  air  chamber,  and  h  al>out  7'^  m  diameter  Hod 
about  6^^  high. 

D  is  a  hollow  plug,  with  inside  thread,  and  opens  communlc^on  between  the  r^ 
ervoir  and  air  chamber. 

1?  is  a  hollow  plug  to  which  the  air  tube  i,  which  conveys  the  air  from  the  sir 
chamber  to  the  diver,  is  attached  (this  plug  I  have  shnwn  in  the  sketch  as  nmoing 
parallel  to  the  axis  of  the  reservoir,  in  order  to  show  it  difltinctlj,  but  it  ^Itnuld  mat? 
an  angle  of  45°  with  the  reservoir,  to  make  the  flexible  air  tube  iJ  lead  fair  to  thf 
diver's  mouth. 

F  is  a  rul)ber  cap  which  is  fitted  over  the  top  of  the  air  chamlwr  C 

G  is  :  copper  band  which,  after  the  cap  F  is  dniwn  iiver  the  mouth  of  the  air 
chamber,  forms  a  collar  aroii.ul  the  neck  of  the  cap,  mid  wlien  Bcrewed  up  tight  pre- 
vents the  cap  from  slipping  and  makes  an  air-tight  joint* 

The  cap  F  is  stiffene  i  by  means  of  two  thin  brass  wlieebj  JT,  on©  on  the  inside  tad 
the  other  on  the  outside,  and  bolted  together  through  [}ie  cap, 

/  is  a  valve  box  called  the  controller ^  as  it  contrijl^  tht^  communication  Wtwe^ 
A  and  C. 

J  is  a  light  iron  elbow-pipe,  about  Y^  ^^  diameter,  attached  to  the  air  chamber  C 
and  provided  with  a  delicate  rubber  flap  K.  (In  appearance  it  is  sornewhsil  sinuUr 
to  a  long  narrow  paper  envelope  which  has  ons  narrt^w  entl  slit  Ofien^  and  insertd 
into  the  o|>iiosite  narrow  end,  a  short  V^  tube. 

Tlie  reservoir  A  is  iirmly  screwed  t^  a  thin  iron  jiLite  M,  pmvIiltHl  with  two  stotrt 
rubber  straps,  which  enable  the  diver  to  carry  the  app:inuus  un  \ua  back  likeasil- 
dier^s  knapsack. 

N  represents  a  pair  of  light  padded  nippers  which  jirc  placed  on  the  no«e  aiMl  6tf^ 
tened  or  rather  tightened  by  means  of  the  screw  0.  Thin  prevents  water  from  e^^tc^ 
ing  the  nose. 

The  weights  necessary  to  keep  the  diver  down  are  attached  partly  to  the  plate  U 
on  the  hooks  P  and  P,  and  partly  strapped  to  the  thighs  and  to  the  feet,  by  means  of 
heavy  shoes.  But  these  shoes,  unlike  those  in  use  with  the  rubber  suit  system,  are 
made  of  iron  and  padded  on  the  inside.     They  are  made  in  two  parts;  the  hind  part 
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lis  scpfiratc  from  lUe  front  fiart,  and  is  kept  in  place  by  menns  of  n  f'toiit  spring,  rhieh 
lins  a  pmjcrtinu  siiuHnr  tn  a  spur.     This  armngetiieut  enuMes  iht?  tliver  to  reinovt* 
^  liis  slirjes  at  (HK'e  if  nevx-^iivry,  by  simply  pressing  upon  the  spurs. 

Tht*  tollowiiij^  ^hort  exphmmion  of  tlie  ninnn^r  in  vrbich  the  appAratus  is  workel 
will  utialile  the  reader  to  clearly  undent i mid  its  pottiEs, 

IsL  Tilt'  liir  pipe,  wliidi  is  uiUdied  at  ane  end  to  tUu  air  pump,  is  altsieliod  lo  rhc 
re^rvoir  A  by  meiins  of  tbe  pl.ig  B. 

2^>  Tlie  eon  trill  !er  /  ts  sertwiid  iltiwn  in  tbe  plug  i>* 

3d.  The  rubber  nip  F  i^  drawn  over  the  air  chamlier  C,  and  the  nuts  JZ,  which 
littve  pre^'ioiijily  been  removed  from  tlie  valve  spindle  F,  are  srrewed  Uick  on  ihe 
»pindlr,  *ei'nniif^  the  rnp  tigblly  belween  tbe  lower  nuts  S  nml  the  upjH?r  nufei*  R,  w> 
llimt  when  tbe  mp  niovi%  liowe\*er  slightly^  ibe  vulve  stem  V  la  boiin<l  to  niovc  vfilb  h. 
4th.  Th<?  ei*pt>er  hmA  (w  k  tightened  around  the  neek  of  the  cap,  thtia  preventing 
r  eHmpe  of  ah  from  tbe  chandler  C 

h«  The  nibber  \hp  K  i^  dniwo  tightly  over  tile  opening  of  the  elbow  X 
6th.  The  tnl)e  h  h  at  tubbed  to  thi*  \An^  i?and  the  tippamtuj!  h  ready  for  uae* 
The  diver  luXa*^  the  nitH^tb  piece  of  the  tubti  L  m  lii^  mouth,  by  rta^ting  the  curve! 
(part  outride  of  iind  t1rm!y  against  bis  teeth,  tlie  li(H  eiivenng  it:  the  n  tunil  pressure 
I  k4  the  litis  inuk(w  n  perle-tly  tight  tit*     In  ortler  to  prevt«nt  the  tulse  beinjf  wrenched 
I  from  bis  iiioulh   by  aonie  aceidt?nt,  tiie  mfUitb  piKit  U  provlde<l  with  two  rubber  stubs 
Vaitd  Y  whidv  the  ot»erator  tirmly  prestiea  Ijeiween  hi^  teeth*     The  air  pump  \a  now 
I  w^%  u»  work,  utid  mh  eotiu  ai»  th«?  div^r  findtt  that  the  air  fiupply  k  well  up,  he  fiistetis 
;  the  nipper*  .Yon  his  nose^  and  as  snon  as  tbe  weij^bts  necessary  to  hold  him  down  are 
atLiehc'd  and  the  Ni|*mtl  iiuc  nee u red,  be  i^  ready  for  aetiori,     Tlie  flow  of  air  to  and 
ffoni  iiis  lnn;i^!^  lake^  pliae  ref^olarly,  ii>^  follows: 

ThecTip  /''nrUufuUy  k<H?fiN  the  valve  of  the  valve-stem  rebised;  the  reservoir  vl  is 
kept  continuidly  tilled  with  comjn-e'^fted  air*     Now  when  the  npemtor  dmws  breathy  a 
jArlinl  vaetintn  is  ereateil  iu  the  ebaniljer  Q  wliich  eatii^t^  the  rubber  eiip  /"'  to  lUititjine 
;  ibe  form  intlicated  by  the  dotted  line;  tbe  vtilve  Ktem   Fund  ^MJUHetjuently  ibe  vidve 
I  H  fttrcv.ll  d«»wn  and  air  will  immetliately  HiJ<w  fmm^the  n^ervoir  tbroagb  the  opening 
J>  around  the  I'alve  ^t^iii  and  through  theatr  ehauilx^r  and  tube  h  to  the  diver'^  Innp. 
l(  have  niiude  the  i^ection  uf  the  valve  box  and  Htom  F  through  tlie  line,  A"-X,  l>elow 
it  and  siMwewh^it  lar|rer,  in  i*rder  to  show  more  dearly  the  shsijn'  of  tbe  Kieni,    The  mo- 
ment, howtver,  that  the  a|>erator*stopH  drawing  breath,  the  eap  resume;*  ttii  naiuml  sbai>e 
[  at  once,  ami  t  he  v^d  ve  ^luitK  tj/icomnuinication  between  ^1  and  C\    Kow  when  he  empties 
Ui»  bing^«  he  fon^e^  ba^^k  the  eonteats  through  L  into  the  ehamber  0  and  Llirongb  the 
f  0|i«riinju^  -/,  ami  I  he  rubber  11  a  p  A' 

The  whole  oiwnition  hi  ejceeediugly  5imi>le  nndj  in  my  eatimaliotir  this  syatem  ia  far 
^«u|t^rior  t4>  the  helmet  iiyiiteiu^  for  many  iin|:iortani  re&^na. 

It  b  mueb  lighted  in  the  tir^t  plaee.  Tlie  operator  pieks  up  tJte  whole  thing  (na  I 
I  be  Aire,  iis  a  «>bJier  would  his  knajimu'k ),  stinga  the  straps  over  tbe  uboulder  and 
\  moment  he  is  re:uly.  It  takes  no  longer  liuie  to  get  rid  of  it  than  it  taken  to  puJI 
»otf  a  vc^t.  To  practical  i*ulj-marine  diverw  it  niuM  \i^  apparent  that  for  safety  the  hel- 
I  iii«i  syHteto  U^art  w\  (t.>mpnrihjju  with  iWxn,  With  the  suit  and  helmetj  if  forborne  rea- 
\  tbe  uir-pumti  tihon.tt  hut  nr  tbe  air-pli>e  break,  or  it  and  the  signal  line  Itecome 
ngleii,  HO  th»t  hi$.  comp^nion^  eannot  draw  liini  up,  be  must  stand  and  drown  in 
iltta  abocti,  and  thid  h^n^  often  occurred.     But  with  the  apparatus  I  have  de^crilied  if 
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the  line  and  hose  become  entangled  and  the  diver  sew  that  he  must  clear  liira?*4f,  di 
he  has  presence  of  mind  and  a  man  who  has  not  hm  nn  bii^ineiv^)  to  be  a  diT^r^l  d1  he 
has  to  do  is  to  get  where  thei-e  is  clear  water  Ifoiweeii  himp*elf  and  tho  stiirfat'e,  remurt 
his  shoes  and  other  weights  (still  keeping  hold  of  ilit m  >,  rt-n^tvc  iht-  knupsaek^  itill 
holding  the  air-tiibe  in  his  mouth  and  finally,  t^kiiiji;  a  gmtd  long  breathy  let  go  evoj- 
thing  and  he  will  shoot  up  to  the  surface  a  frtt^  nnd  n  lire  mjin*  This  k  not  ih^ort 
only,  for  I  have  practised  this  in  six  and  sevt*n  fiithomH  of  wiiter. 

The  only  drawback  that  I  know  of  against  this  KVKteTiit  ia  tht*  neee^ity  of  tbi?  Mt 
being  exposed  to  contact  with  the  surrounding  water.  In  the  tropics  ibis  \^  how<*veT, 
rather  enjoyable,  while  with  good  heavy  wofJlen  clothing  to  prevent  stadden  ehWh 
when  coming  up  out  of  the  water.  I  am  sure  it  is  quite  pnsctit^al  in  water  of  a  unite 
low  temperature.  I  have  since  learned  that  a  li^ht  niLber  wuit  i»  m.iiiufafiiirixl  no» 
which  tits  tightly  around  the  neck,  and  keeps  the  body  dry.  At  all  erenU  but  \&f 
little  diving  is  done  in  the  winter  months. 

To  some  the  feet  of  keeping  the  eyes  open  under  wiilor  for  any  considenable  Ipn^h 
of  time,  may  appear  strange  and  difficult.  1  cnn  assure  them  iUm  it  t^iistsi  n<rt  the 
slightest  inconvenience,  especially  in  salt  water*  I  bi^ve  sspent  muny  pleafnuit  momeuE\ 
quietly  seated  on  the  bed  of  the  ocean,  off  the  Inland  of  Pf>eloe  PI»«ang — in  H^ven  ood 
eight  fathoms  of  water,  armed  with  this  apparatua—  picking  ahelb^  witU  but  Utilcf  oinrv 
inconvenience  than  if  seated  on  a  dry  beach. 


TRANSPORTING  DREOGBD  Itt^iTERIAI^. 

Regular  Meeting,  June  6th,  1880. — Mr,  J.  J.  de  Kinder  pi^eined  the  foJlow- 
ing  paper : 

Tlie  great  "stumbling  block"  connected  with  drt'dginjt^  gpnpniny  is,  mu\  iilwo/* 
has  been,  the  question  of  how  to  get  rid  of  tlie  drt'fJiri^l  mrili^rial  fefJei'tuivUy  and  ui  \ht 
same  time  at  a  small  cost.  This,  of  course,  depends  upon  the  lociilily  of  ojjeratitJfl; 
as,  for  instance,  where  dredging  isidone  in  a  narrow  rivt-r  or  ciinalj  it  often  is  powiblc 
to  convey  the  material  by  means  of  shutes,  re?iting  on  jK^toonei,  from  the  dredging 
machine  on  to  tlie  land  direct  or  on  to  cars. 

But,  where  tlie  material  can  not  be  gotten  rid  of  thia  way,  it  be4?omeB  nece«iftrt 
to  convey  it  often  very  long  distances.  It  h  delivered  frtiiii  tlw  dreilging  miicMne 
into  scows,  which  are  towed  away  to  dumping-ground.  Now,  wtiere  the  place  of 
operation  is  close  to  the  seaboard,  the  dumping-ground  can  l)e  in  deep  water,  far 
enougli  away  from  the  river  mouth  or  bay  to  cause  no  apprehension,  but  where  the 
dist  nee  from  the  dredger  to  the  seaboard  is  very  great,  as  for  instance  in  Philadelphia, 
it  is  almost  impossible  to  tow  the  scows  to  the  sea,  as  the  expense  would  be  enormons. 
True,  in  some  parts  of  the  world,  especially  in  some  rivers  in  England,  they  employ 
iron  steam  propel lor-scows,  which  carry  the  material  great  distances  out  to  sea,  yet, 
compared  to  the  length  of  the  Delaware,  these  distances  are  comparatively  small. 
Consequently,  where  shall  the  stuff  be  dumped?  If  it  is  dumjved  in  the  river,  no 
matter  in  what  locality,  it  simply  serves  to  spoil  the  channel  for  navigation.  Of  course 
the  contractor  does  not  worry  himself  about  that  point;  just  so  long  as  he  gets  rid  of 
the  stuff  he  rests  satisfied.  Besides,  as  the  channel  must  be  kept  navigable  at  all 
hazards,  it  follows  that  the  more  material  there  is  thrown  back  in  the  river,  the  more 
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work  there  will  ls€  fi^r  the  dredging  mndiincs — and,  more  work,  more  dolhirs.  But 
irheji  tt  IS  pmhiblted  nnd  it  bet-^iTn^s  nn  oflence  to  dmp  dretlgcd  niiit4^riiil  in  any  part 
of  the  rirer,  theii  lliere  is  nothing  left  but  to  put  it  on  the  Iwud  where,  in  faol,  it  nsiUj 
Moii^»  tis  there  is  gtinemlly  soino  low  huid  in  the  v^iciii»tir%  or  miu^hes^  wlu**h  tun  be 
dvketl  in  nnd  lilletl  up  to  grade  with  the!*t'  ilredg^iugH. 

And  now  eomt^  thL*  t|fSL^ti(m  uf  how  to  gt»t  the  mjiterifll  on  Iftod  when  h  is  Iniprae' 
t liable  lo  sh«le  it  oir direct  Troni  tlit?  mat^Jiine.  V:*riourt  nietlK>ds  Iikvo  buen  aiietniiteJ 
miih  huf  indi  tie  rent  results.  The  ui^ual  way  is  to  dnnip  it  neur  tlie  river's  vdge  or 
aloitgiside  ofn  qu«y  or  wharf,  when  anr>(her  mnchine  dre<%e!^  it  np  again  imd  dt^pOFiits 
it  in  A  statioimry  or  a  movable  sbule,  wbieb  cooTeyr^  it  in1>Dard  or  deponils  it  tu  oar«, 
wlii*?h  :ire  t4*kt.m  awuy  by  »  loromotive*  It  i»  needless  to  say  that  tiiiH  meliuxl  is,  at 
be*«t»  exjaeuiiive  and  tronblenonie ;  while^  npart  from  the  fiwl  thnt  it  necessitates  \he 
tims  of  two  miti'liineSf  it  iti  app:irt«nt  tfiat  in  dumping  and  digging  up  again  the  already 
Imwencd  nmss  of  materml,  a  lar;ge  percentnge  mixc^  with  and  is  rarried  ot['  by  the 
slrejim,  in  \i*  gnidually  deposJled  over  the  rivtr  hed  uirlil  it  beeoniesi  necessary  to 
r^irifrt  e  tht^n*  di*|:M5*iiN  iigsiin  tit  an  e.^tni  roM, 

Mr.  A.  K.  Hirll,  tt(  hitfiUtUj  M:\ss, ^  hiL^  iiivenleil  and  piitpnleil  nn  ap]Kir9ittiei!  f*>r  traoK- 
porxing  and  delivering  dredgeil  niiilerial,  wliieh  is  m  fur  super ic*r  to  the  nu^tbodK  in 
UAe  That  it  e.'innot  fail  to  be,  crtrloug,  genenilly  adopted.  Tht*said  appnratuH  has  been 
in  i>m;  in  B^iston,  for  over  a  year  Jind  gives  unimual  BatiRftieiion. 

In  said  iippamtn»  the  material  dre<lged  by  the  maidune  h  dumped  into  cars,  of 
which  there  are  aboiil  tive  on  one  icow  or  poutmm,  on  a  single  tniek  fairly  in  ihe 
middle.  These  cars  «re  of  a  peculutr  c^mstruction  itdii]ned  to  this  kind  of  worL 
They  carry  a  lojul  nf  alK-iiit  twenty  tuns  on  foor  wbeeU, 

Further^  a  hirj^'e  |H)ntoon  carries  a  double  bridge ;  tiiat  is,  a  liridge  in  two  partf ^ 
whii'h  ttrv  liingtMl  together  in  I  lie  ten  ire  of  the  bridge  iK>ntmm^  and  one  end  of  the 
pontfton  liinf«!S  on  the  lantlin^  and  the  otlier  lies  down  un  the  oar-scow.  The  lauding 
in  bnili  of  ruwis  of  pile**,  which  mrry  a  triick  of  raiU  inlx>fti\l  to  the  duniping-grotinib 
With  this  apparatuH  the  material  requires  only  one  handlingi  cou^equently  one 
aaetiine  only^  am!  once  dreiiged  remains  dredged,  or  in  other  words,  no  part  of  it 
back  into  the  river  as  in  the  oibcr  svHtenis  in  ii»e. 

The  bridge  pontoon  i»  seenr^'d  ut  tbti  landing  by  the  one  end  of  the  hinged  bridge } 
tlw?  other  bridg*?  part  can  Xm  lii/i!*ie  1  tir  lowcretl  by  means  of  an  overlictul  lever. 

The  lorornoiive  re<pnred  to  liunl  the  cars  comes  onto  the  bridge,  the  car-^joow  is 
towel,  end  on,  again*!!!  the  bridge  pfjutmin^  the  free  part  of  the  bridge  is  then  lowered 
pnlo  the  f*)*r-*t\*w,  ho  that  ihe  raiboarl  trjckf*  on  the  scow^  the  bridge  and  ihe  landing 
ftre  in  u  linCi  when  the  loiwl  is  iitlacbetl  and  h  Inniletl  inboard.  It  requir^ti  but  one 
minute  Ut  tniii><|K>rt  the  cars  from  the  ^^eow  onto  the  landing. 

From  the  pccnltar  arrangement  of  the  double  bridge  there  is  never  any  difficulty 
on  jicccHirtt  of  the  stage  of  the  tide. 

It  rw|ttire*t  no  arguments  to  show  that  this  system,  which  18  now  in  use  in  Boston, 
i«  f;ir  sup-rior  to  every  ether  syatem  in  nse.  It  kills  two  birds  with  one  Bttmo;— it 
iniprrivef^  the  channel  and  it  filk  np  and  improves  the  land — with  tbe  work  of  one 
iftmlging  machine. 
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THE  TURNTABLE  OF  PENROSE  FERRY  DRAl^BRIDGE 
AT  PHILADELPHIA. 

REOirLAR  Meeting,  June  6th,  1880.— Mr.  J.  Milton  Titlow  presented  the  fol- 
lowing : 

*'  The  bridge  that  is  swung  by  means  of  this  turntable,  was  built  in  1878.  It  is  a 
through  wrought-iron  roadway  bridge,  21  feet  between  centres  of  trusses  and  without 
footways. 

The  trusses  are  of  the  double  cancel  Pratt  system,  with  inclined  end  posts  and  411 
feet  between  lower  centres  thereof  or  about  416  feet  over  floor ;  the  depth  at  ends  is 
28  feet  and  38  feet  at  centre,  the  panel  lengths  being  15  feet  except  that  at  centre, 
which  is  21  feet. 

The  four  centre  posts  are  equi-distant  transversely  and  longitudinally  of  bridge  and 
the  centre  line  of  the  drum  passes  through  each  of  them,  it  being  30  feet  in  diameter 
and  6}  feet  in  height. 

The  turntable  is  built  so  that  it  may  be  either  rim  or  centre  bearing,  but  at  present 
is  used  as  the  latter. 

The  weight  upon  the  four  centre  posts  is  carried  to  the  centre  bearing  by  means  of 
four  wrought-iron  plate-girders  6  feet  in  depth  and  30  feet  long,  which  act  as  cantil- 
erers  and  are  placed  side  by  side  3|  feet  apart  in  two  pairs,  and  at  right  angles ;  their 
ends  being  rivetted  to  drum  under  posts  of  trusses.  One  pair  of  girders  is  set  some 
three  inches  higher  than  the  other,  tlie  plates  of  their  top  flanges  being  continuous 
across  and  through  their  intersection. 

Within  the  box  or  space  formed  by  the  intersection  of  these  girders  stands  the  cone 
or  pivot,  the  point  of  which  is  about  on  a  level  witli  their  top  flanges;  above  this  the 
Sellei>«  Box  with  125  lineal  inches  of  rolling,  and  56 J  square  inches  of  sliding,  surfaces, 
and  ujKm  this  the  carrying  plate  or  table. 

From  this  heavy  plate  the  girders  are  suspended  from  their  lower  flanges,  by  means 
of  eight  heavy  bolts,  and  by  the  nuts  thereon  the  bridge  may  be  raised  or  lowered  to 
make  the  table  either  rim  or  centre  bearing. 

Thus  by  simple  construction  with  the  same  kind  of  material  the  weights  are  trans- 
ferre<i  as  desired. 

The  live  ring  is  formed  of  51  wheels,  10  inches  in  diameter  and  7  inches  tread. 

The  weight  of  the  bridge  is  300  tons ;  when  closed  and  loaded  576  tons  :  weight  of 
turntable,  tracks,  etc.,  79  tons. 

Upon  the  two  segments  of  the  turnta)>le  outside  of  the  trusses  are  placed,  on  either 
side,  engine,  V)oiler,  etc. 

On  account  of  the  small  space,  the  engine  stands  parallel  with  the  bridge,  and  the 
power  is  communicated,  by  means  of  friction  wheels  and  bevel  gearing,  to  two  driving 
jiinions  on  opposite  sides  of  the  rack,  and  to  the  two  out  end  sets  of  screws,  cams,  etc., 
by  means  of  which  the  ends  are  brought  to  bearings. 
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MINUTES  OF  MEETINGS. 


OF  THi:  Club. 

February  7th,  ISSO. — The  regular  meeting  was  held  on  this 
evening:  Mr.  Frederic  Gratf^  President,  in  the  chair,  and  twenty- 
seven  members  present. 

Mr.  Edward  Parrish  read  a  paper,  illustrated  by  a  nmp,  on 
I** The  Lighthouse  System  of  the  Delaware  Riverj  from  the  Head 
I  of  the  Bay  to  Philadelphia;"  after  which  a  general  discussion  of 
the  subject  took  place. 

Mr.  A.  R.  Roberts  exhibited  a  ttoniometer  which  had  been  used 
on  the  Alleghany  Portage  R.  R. 

Mr.  W.  G.  Neilson  exhibited  photographs  of  various  types  of 
Loeumotive  EngineSj  and  gave  notes  on  their  relative  distribution 
of  weight  an*I  tractive  power. 

Mr,  Howard  Jrurphy,  on  behalf  of  Mr.  Israel  W.  Morris,  read 
from  Brandos  History  of  Newcastle-upon-Tyne,  1789,  extracts 
showing  the  condition  of  the  coal  trade  in  l(>4Uj  and  giving  ac- 
count of  very  early  railroad  construction, 

Mr.  Frank  T.  Freehmd  read  a  paper  upon  a  method  of  ascer- 
taining the  day  of  the  week  coincident  with  any  given  date,  and 
a  method  for  determining  the  years  in  which  February  has  five 
Sundays,  giving  formuh^  for  the  same. 

Messre.  Cluis.  G.  Darrach  and  Rudolph  Hering  discussed  a 
formula  for  the  maximum  flow  of  rivers. 

Mr.  Chas.  A.  Ash  burner  announced  that  the  Meterological 
'  Society  of  New  York  had  prepared  a  memorial  to  Congress,  re- 
commending the  adtjption  of  the  Metric  System,  and  that  they 
desired  tlie  Club  to  declare  in  favor  of  the  same.  After  discussion 
by  ilessrs.  Cleeman  and  Darrach,  consideration  was  deferred 
until  the  next  business  mooting. 

The  Corresponding  Secretary  announced  that  the  authorities 
of  the  Post-office  ha<l  decided  that  tlie  Club  was  not  entitled  to 
the  benefit  of  "pound  rates*'  on  the  Proceedings;  and  that  some 
of  the  members  of  the  Club  had  decided  to  frequent  the  Club- 
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rooms  on  the  Saturday  evenings  when  no  meetings  are  held,  for 
the  purpose  of  social  intercourse. 

February  21st,  1880. — The  regular  meeting  was  called  to 
order  by  Mr.  Frederic  GraflF,  President ;  nineteen  members  and 
two  visitors  present. 

Mr.  Howard  Murphy  read  a  description  of  an  instrument  in- 
vented by  Mr.  T.  A.  Matsdaira,  a  Japanese  engineer,  for  the  solu- 
tion of  trigonometrical  problems. 

The  Tay  Bridge  disaster  was  discussed,  articles  from  the  Edin- 
burgh Scotsman  and  Engineering  News  being  read. 

Mr.  Harold  A.  Freeman  described  an  instrument  for  determining 
the  position  of  slope  stakes,  on  railroad  work,  where  the  ground 
slopes  regularly. 

Mr.  Howard  Murphy  opened  a  discussion  upon  the  desirability 
of  diminishing  the  labor  of  computing  the  volume  of  prismoidal 
forms  of  earthwork,  by  the  expenditure  of  some  of  the  mathe- 
matical talent  of  the  Club  upon  an  instrument  of  the  nature  of 
the  Polar  Planimeter.  Mr.  L.  M.  Haupt  referred  to  short  methods 
now  available. 

March  6th,  1880. — The  March  business  meeting  was  held  this 
evening,  President  Graff  in  the  chair.  Twenty-four  members 
were  present. 

The  Corresponding  Secretary  read  a  letter  from  Mr.  John  C. 
Trautwine,  acknowledging  his  election  as  Honorary  Member  of 
the  Club,  and  expressing  his  interest  and  congratulations;  and 
reported  the  additions  to  the  Club  literature. 

The  minutes  of  the  Board  of  Directors  for  February  7th  were 
read. 

Mr.  A.  R.  Roberts  announced  that  one  of  the  Honorary  Mem- 
bers purposed  presenting  a  valuable  addition  to  the  Club  library. 

Messrs.  Augustus  Mordeeai  and  John  H.  Dye  were  elected 
Active  Members;  and  the  resignations  of  Messrs.  C.  E.  Buzby, 
H.  C.  Lewis,  T.  J.  Lewis,  C.  F.  Moore  and  E.  B.  Wall,  were  read 
and  accepted. 

Mr.  P.  F.  Brendlinger's  request  to  be  transferred  to  the  Corre- 
sponding list,  was  read  and  referred  to  the  Corresponding  Secretary 
for  reply. 
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Mr.  A.  R.  ItoUerts  spoke  of  a  Club  reception  to  M,  de  Le^i^eps, 
Lnd  the  President,  after  being  moved  to  appoint  a  Committee,  to 
let  in  conjunction  with  himself,  in  making  the  necessary  inquiries 
;nd  arrangements,  announced  Messrs.  C,  A.  Ashbunier,  A,  E. 
jehman,  L.  C.  Madeira,  Howard  Murphy^  and  A.  H,  Roberta,  as 
he  Ckiramittee, 

Mr.  L,  M.  Ilaupt  exhibited  a  specimen  of  paper,  printed  with 
kint  lincSj  for  isonietrio  sketching;  and  Mr,  Frederic  GraiF  an 
n^itantanoous  photograph  of  a  submarine  explosion,  together  with 
\  description,  which  was  read  by  the  Corresponding  Secretary. 

Makch  20th,  1880. — Mr.  Frederic  Graff,  Presidentj  called  the 
fegular  meeting  to  orden  Members  present  numbered  thirty-three ; 
risitors,  three, 

*  Mr,  Francis  L.  Miller  read  a  paper  on  "Recent  Improvements 
n  Pt^cu^ioii  Rock  Drills,"  illustrated  by  numerous  drawings, 

Mr.  J.  J,  de  Kinder  read  a  description  and  exhibited  drawings 
rf  an  improved  apparatus  for  discharging  heavy  cargoes  and 
ml  last 

Mr,  C.  E.  BilHn  spoke  of  the  importance  of  the  Geodetic  Survey 
rf  Pennsylvania,  and  suggested  that  the  influence  of  the  Club  be 
ised  for  the  general  improvement  of  methods  and  results  in  land 
(Urveying  in  tlie  State.  Messrs,  L.  M.  Haupt,  P.  Roberts,  Jr.,  A.  R, 
Hoberts,  and  A.  E.  Lehman,  discussed  the  subject,  especially  de- 
>recAting  the  use  of  the  magnetic  needle.  Official  action  was 
lece-v^arily  delayed  until  the  regular  business  meeting. 

ilr,  Porcival  Roberts,  Jr.,  exhibited  a  section  of  a  partly  punched 
B^dd-punched  nut,  etched  by  acid,  to  show  the  solid  metallic  flow, 
ind  showing,  by  the  diminished  percentage  of  iron  leaving  the 
lole,  that  a  cold-punched  i.^  much  stronger  than  a  hot-punclied  nut 

Mr.  C,  G.  Dafrach  read  from  Engineering  a  criticism  upon  his 
^timate  of  the  quafitity  of  water  which  will  be  required  in  the 
lear  future  in  rhiladelplua,  aiid  made  remarks  in  support  of  his 

'  Mr.  Frank  T*  Freeland  read  a  paper  on  *'A  Machine  for  the 
Solution  of  the  Equation  of  the  Xth  Degree,"  and  exhibited  a 
aehiiie  for  the  solution  of  <juadradic  Equations  and  capable  of 
iving  the  real  parts  of  imaginary  roots. 


72  Minutes  of  Meetings.  [Proc  Eng.  QaV, 

Mr.  L.  M.  Haupt  presented  a  lithograph  of  the  U.  S.  Coast 
Survey  Chart  of  the  Delaware  river,  from  Bridesburg  to  Fort 
Mifflin,  which  he  had  obtained  for  the  Club. 

April  3d,  1880. — At  the  regular  meeting  held  on  this  evening, 
Mr.  Percival  Roberts,  Jr.,  Vice-President,  occupied  the  chair,  and 
fifteen  members  were  present. 

On  behalf  of  Mr.  Samuel  L.  Smedley,  Mr.  Rudolph  Hering 
read  extracts  from  the  Report  of  Mr.  Henry  Mitchell  on  the  Sur- 
vey of  the  Delaware  River  at  Philadelphia  by  the  U.  S.  Coast  and 
Geodetic  Survey,  a  discussion  of  which,  by  Messrs.  A.  R.  Roberts, 
Wm.  A.  Ingham  and  L.  M.  Haupt,  then  took  place. 

Mr.  A.  E.  Lehman  submitted  a  lithograph  of  a  topographical 
map  of  the  middle  section  of  the  South  Mountain  Range  in  Penn- 
sylvania, and  gave  figures  showing  the  labor  necessary  to  make 
surveys  of  this  kind. 

Mr.  Howard  Murphy,  for  Mr.  Sam'l  L.  Smedley,  exhibited  a  copy 
of  Robert  Fulton  on  "  Small  Canals  and  Iron  Bridges,"  a  very  valu- 
able book,  both  as  a  curiosity  in  engineering  literature  and  as  a 
Revolutionary  relic — it  being  the  identical  copy  presented  by  the 
author,  in  a  letter  upon  the  fly-leaf,  to  Gen.  Washington,  and  con- 
taining the  autographs  of  Washington  and  Robert  Fulton.  A 
list  of  the  inventions  of  Fulton  was  also  read  from  his  biography. 

Mr.  Arthur  W.  Sheafer  exhibited  a  diagram  i)rej^ared  by  Mr- 
P.  W.  Sheafer,  of  Pottsville,  Pa.,  showing  the  j)rogress  of  the 
anthracite  coal  trade;  also  a  diagram  showing  an  estimate  of  the 
relative  proportions  of  marketable  and  waste  coal,  based  on  the 
present  methods  of  mining  and  preparing.  It  is  stated  that  for 
every  ton  sent  to  market  two  tons  are  wasted. 

The  success  and  economy  of  the  use  of  coal  dust  as  fuel,  were 
discussed  by  the  meeting. 

Mr.  A.  Iv.  Roberts  exhibited  a  working  model  of  a  new  self- 
adjusting  crossing  frog,  designed  by  himself,  and  made  for  the 
Philadelphia  and  Reading  R.R.,  noticing  the  objections  to  the  or- 
dinary crossing  and  the  manner  in  which  tliey  had  been  overcome. 

Mr.  Frank  T.  Freehmd  explained  tlie  method  of  determining 
the  years  in  wliich  a  given  day  of  the  month  will  fall  on  a  given 
day  of  the  w^eek. 
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A  letter  was  read  froin  President  Graff,  in  which  he  presented 
the  Club  a  framed  lithograph  of  the  machinery  and  buildings 
if  the  Old  Centre  Square  Water-works  in  Philadelphia. 

April  17thj  1880, — A  regular  meeting  this  evening  was  called 
£>  order  by  President  Frederic  Graff.  Seventeen  nienilK3i*s  and 
me  visitor  present.  A  letter  from  Mr.  Jolui  Bogart,  Socrotary  of 
he  American  Society  of  Civil  Engineers,  inviting  the  Club  to  at- 
tend their  Annual  Convention  at  St  Louis,  was  read  and  Uie  in- 

itatiun  gratefully  accepted. 

Mr.  Coleman  Sellers,  Jr.,  read  a  very  interesting  history  and 
lescriptiou  of  the  Mexico  and  Vera  Cruz  R.  R.,  profusely  illus- 
rated  with  pictures  and  maps. 

Mr.  Clias.  0.  Darrach  read  an  extract  from  a  law  recently 
lO^ed  by  the  Wisconsin  Legislature,  proliibiting  the  deposit,  in 

iiy  of  the  rivers  of  Milwaukee,  of  any  sewage  or  matter  injurious 

0  health,  and  spoke  upon  the  sewerage  system  which  lie  had 
suggested  in  1876^  and  which  has  been  published  in  the  Reptyrt 

f  the  Chief  Enffineer  of  the  Water  Department  Jar  187  G,  pp.  25  to  27- 

May  isTj  1S80, — ^A  business  meeting  this  evening;  Viee-Presi- 
Wg^t  Percival  Roberts,  Jr.,  presiding;  seventeen  members  and 
S?d  visi tot's  present. 

The  (  orresponding  Secretary  gave  a  summary  of  the  business 
if  the  Board  of  Directors. 

Mes-^rs.  J.  Oodolphin  Osborne,  John  Graham,  Jr.,  Chas.  T» 
rhonipsoiij  John  L.  Ogden,  Andrew  B.  Leu  Her  j  Harry  Birkin- 
line,  C.  S.  dlnvilliers,  Jas.  T.  Halseyj  Chas.  W.  Buchliolz,  John 
'-  Boyd  and  Lin  wood  0.  Towne,  were  elected  active  members. 

The  (  orrespoiiding  Secretary  read  a  letter  from  Mr.  Chas-  E* 
iillin,  containing  the  following: — 

Mr.  P}'m(knf  and  Gadlnnea: — The  present  condition  of  tlie 

jrofesi^ion  of  land  surveyor  in  our  Stat^»  the  want  of  acetirate 

nowled^e  in  regard  to  county  and  other  boundaries,  and  the 

rcry  erroneous  county  and  state  maps  current,  are  a  disgrace  to 

'ennsylvania  and  to  its  engineers.    The  Club  can  not  possibly 

ndertake  any  more  needed  work  of  reform  and  improvement 

The  attempt  to  improve  upou  present  methods  and  results  in 
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any  engineering  work,  however  humble,  should  call  forth  hearty 
approval  and  earnest  work  from  the  Club. 

In  furtherance  of  the  remarks  and  suggestions  which  I  made 
at  the  meeting  of  the  Club  held  March  20th,  I  would  respectfully 
move: 

That  a  Comraitt.ee  of  five  members  be  appointed  by  the  Chair, 
who  shall  take  into  consideration  the  subject  of  the  improvement 
of  the  present  methods  of  land  surveying,  the  better  location  of 
county  and  other  boundaries,  and  the  collection  of  information 
in  regard  to  the  geography  and  topography  of  the  several  por- 
tions of  the  State. 

That  they  shall  be  empowered  to  take  such  action  as  may  ap- 
pear to  them,  will  lead  to  the  best  results  in  the  promotion  of  the 
end  in  view,  provided,  that  they  shall  incur  no  expense  to  the 
Club,  except  under  special  appropriations. 

[The  resolution  contained  in  the  above  was  adopted.] 

(The  President  subsequently  appointed,  as  this  Committee, 
Messrs.  Saml.  L.  Smedley,  Lewis  M.  Haupt,  John  H.  Dye,  W.  C. 
Cranmer  and  Chas.  E.  Billin,  Chairman). 

Mr.  Chas.  G.  Darrach  submitted  the  following  Resolution,  which 
was  adopted : — 

llcHohcd,  That  the  President  be  requested  to  appoint  a  Com- 
mittee of  five,  one  of  whom  to  be  the  Chief  Engineer  and  Sur- 
veyor of  the  City,  to  study  and  suggest  a  plan  of  improved  sewer- 
age for  the  City  of  Philadelphia,  and  the  protection  of  the  rivers 
from  pollution. 

Mr.  L.  M.  Haupt  read  a  paper  upon  Rapid  Transit  in  Phila- 
delphia, arguing  in  favor  of  the  proposed  elevated  roads. 

May  loTii,  1S80. — President  Graff  called  the  regular  meeting 
to  order;  twenty-four  members  were  present. 

Mr.  Arthur  W.  Sheafer  read  notes  on  narrow  gauge  railroads 
in  McKean  County,  Pa.,  and  Mr.  W.  G.  Neilson  spoke  of  the 
Chicago  and  Tomah  R.  R.  (narrow  gauge)  on  which  20  lb.  rails 
w^ere  used  even  on  25°  curves,  and  heavy  Mogul  engines  and 
trains  of  seven  cars,  each.of  thirteen  gross  tons  weight,  had  in  the 
several  months  of  the  operation  of  the  road,  caused  surprisingly 
little  wear  and  tear. 
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Mr.  A.  U.  Roberta  stated  the  results  of  a  recent  trial  run  be- 
tween Philadelphia  and  New  York,  on  the  Bound  Brook  Railroad, 

Mr.  J.  J.  de  Kinder  described  the  Ronquayral  and  Denayrouze 
diyiiig  apparatus. 

I  Mi\  Frank  T.  Freeland  called  attention  to  a  new  form  of  link 
valve  motion  published  in  Enffhieering,  and  gave  a  formula 
for  calculating  the  travel  of  the  valve.  He  also  made  a  deter- 
mination of  the  percentage  of  vacant  space  in  a  pile  of  si>heres, 
giving  a  result  of  about  20  per  cent  in  either  a  triangular  or 
.  square  pyramid, 

Mr.  L.  M  Haupt  thought  this  might  b€  practically  applied  in 
the  mixing  of  concrete. 

Mr.  llaupt  also  read  an  abstract  of  a  pamphlet  by  Genl.  ITer- 
Iman  Haupt,  upon  a  new  design  for  the  improvement  of  the 
\  navigation  of  shallow  rivers. 

A  letter  was  read  from  Mr.  A.  ls\.  Wellington,  of  the  Society  of 
Civil  Engineers  of  Cleveland,  suggesting  a  common  publication 
by  all  the  Engineering  Societies  of  the  U,  S, 


JrNE  OTHj  1880. — Regular  meeting  this  evening;  the  Vice- 
President,  Mr,  Percival  Roberts,  Jr.,  in  the  Chair;  eighteen 
members  and  one  visitor  w^ere  present* 

Mr.  David  Townsend  read  a  paper  on  a  now  method  for  the 
i  quantitative  determination  of  carbon  in  cast  iron  and  steel,  and 
exhibited  the  apparatus  for  that  purpose. 

Mr.  J.  J.  de  Kinder  read  a  paper  on  an  improvetl  apparatus 
for  transporting  dredged  material  designed  by  Mr,  A.  E.  Hall,  of 
Boston, 

Mr.  Howard  Muridiy,  on  belialf  of  Mr.  J.  Milton  Titlow,  read  a 
paper  upon,  and  exliibited  the  drawings  of  the  turntable  of  Pen- 
rose Ferry  Bridge,  IMuladelpliia. 

Mr.  Rudolph  Hering  read  a  paper  on  a  system  of  intercepting 
'  sewers  to  prevent  the  pollution  of  our  rivers,  comparing  his  sya- 
tern  with  that  of  Mr.  Darrach,  and  giving  estimates  of  the  proba- 
ble cost  and  efficiency  of  the  two  systems, 

A  letter  from  Mr.  A.  M.  Willington,  concerning  the  scheme  of 
I  joint  publication,  was  read. 
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June  12th,  1880. — A  special  meeting  was  held  this  evening 
for  the  purpose  of  adjourning  the  meetings  of  the  Club  for  the 
summer  months.  It  was  so  ordered,  the  Club  to  reconvene  at 
the  call  of  the  President. 

OF  THE  Board  of  Directors. 


February  7th,  1880. — A  special  meeting  was  held  this  evening. 
The  resignation  of  Mr.  Chas.  E.  Billin  as  Corresponding  Secretary 
and  Treasurer  of  the  Club  was  accepted;  and  Mr.  Howard  Murphy 
elected  Corresponding  Secretary,  and  Mr.  A.  R.  Roberts,  Treasurer. 
Thi^  election  of  Mr.  Murphy  leaving  a  vacancy  in  the  Board  of 
Directors,  it  was  filled  by  the  election  of  Mr.  Herman  Hoopes  a 
member  thereof  The  Committees  on  Library  and  Finance  were 
then  change^  to  the  following : — 

On  Library. — Messrs.  John  A.  Wilson  and  Herman  Hoopes. 

On  Finance. — Messrs.  Coleman  Sellers,  Jr.,  and  Herman  Hoopes. 

February  21st,  1880. — Monthly  meeting.    Routine  and  un- 
important business  was  transacted. 
0    March  20th,  1880. — Monthly  meeting.     Sundry  bills  were 

approved,  and  the  Corresponding  Secretary  authorized  to  make 
such  pureliases  as  were  necessary  for  the  transaction  of  the  busi- 
ness of  Ills  office. 

April  ITtji,  1880. — Monthly  meeting.  Sundry  bills  were 
ordered  to  be  paid,  and  a  form  of  instructions  to  members  of  the 
Committees  on  Information  was  discussed. 

May  15th,  1880. — Monthly  meeting.  Routine  business  was 
transacted. 

A  letter  was  read  from  Mr.  A.  M.  AVellington,  suggesting  that 
this  Club  participate  in  the  proposed  joint  publication  of  the 
Engineering  Clubs  of  the  country,  and  the  Corresponding  Secre- 
tary was  ordered  to  reply.  Bids  were  opened  for  the  printing  of 
the  next  volume  of  the  Proceedings  of  the  Club,  and  the  contract 
was  awarded  to  the  Globe  Printing  House. 

September  18th,  1880.— Monthly  Meeting.  The  resignation 
of  Mr.  Ivudolph  Hering  as  a  member  of  the  Board,  on  account  of 
his  absence  in  Europe,  was  read,  but  upon  motion,  it  was  not 
accepted. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

To  AuoirsT  3l8T,  1880. 


CoBRKcnoH.-^In  Vol.  I,  No.  0.  of  these  Proceedings,  the  '•Geological  Sarvey  of  Canada/'  21 
▼ols.  and  MajM.  was  •rroneoosly  acknowledged.  The  Club  is  indebted  to  Mr.  Alfred  R.  C.  Selwyn, 
Director  of  the  Oeologleal  Sarrey,  for  this  ralnable  contribution. 
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fiEhR^,    Mh  .lAMSif  Kr>BabitT,  s^tiir'jH  LffDilou. 

Abstrartj  oT  P^jii^ri  in  Vijn*\gn  Traat&flloat  ainJ 

ti»rt  L    Vol.  LX,  pfcrta.   VffJ.  LXI,  pan  ^. 
Hill— Two  prmdm^rt"^!!  \tL  Irrtand. 
Wuud— Tduh*!  tJDtidtfl  r*>f  ^[itrago  RiP<^flr»ftlM 
Blcrcania — The  HtxiHk  at  the  ^JittKraiid  tbe  M4t?tiii«^ 

111  lilt*  JV^th*!-!*!**!*, 
Blaii4y~UMPk  UAtcj^, 

CJ*irtBrkrtl"Tti**   Et^jyialatltiK  of  ihi*  Watrrs  of 

tbe  Jura. 
Ja«|£a4!iU'Druii1g)D|r  f^f^lTfttlrKiii  on  the  Dabuhe. 
^A4t4t^A  KflckL   KnUwa^   wurlLed  by  [budleii 

Rope-s , 
filaric^t[f^Thf«  Tktinry  iif  Mudpni  American  HuA' 

pi^ntiou  Itrl(fg4^4, 

WHak^li—Sif^vr  2fraUud  Uirbtiiousfli. 
Keathip— Fkri?  Hydrant^. 
Wttiiju_Mr>uouifabi'lH  HiXft  Uri^gv. 
Wehm-tftt — LrLiu  and  i^tt'f'L  at  liUW  Tt»Tnpi'<^ratur^9. 
YeriiOQ— Hsrcuuri    aud    Bucklt^f— .IFlKiid    aDd 

Delano— Use  of  Asphalt  and  Mineral  Bitumen 

in  Engineering. 
Blyth— The  Caledonian  Railway  Viaduct  over 

the  River  Clyde,  at  Glasgow. 
Westland— The  Calder  Viaduct. 
Abel — Explosive  Agents  Applied   to  Industrial 

Purposes. 
Gower — Abingdon  Sewerage. 
Chatterton— Main  Drainage  of  Torquay. 
Roberts — The  San  Francii*eo  River,  Brazil. 
Jones — The  Purification  of  Gas. 
Baker — Cleopatra's  Needle. 


Stooke— Rural  Water  Supply 
Vein  U( 
America. 


Attwood— The  Chile 


Gold  Works,  South 


Rymer— JoneH — The  Temnograph. 

Newman— A  New  Snow  Plough. 

Willotte— The   Removal  of   Sunken    Rocks  in 

Brest  Harbour. 
Lucas — Uydrogeology  of  the  Lower  OreensandH 

of  Surrey  and  Hampshire. 

From  the  SOCIETY  of  ENGINEERS,  London. 

Mb.  p.  F.  Ncrsby,  Sec'y. 
Transactions  for  1879.     1  vol.,  bouud. 

From  the  SOCIETY  of  ARTS,  London. 
Mb.  H.  Tbubmab  Wood,  Sec'y. 
The  Joarual— Weekly. 

From  the  INSTITUTION  of  ENGINEERS  AND 

SHIPBUILDERS  IN  SCOTLAND. 

Mb.  W.  J   Millab,  Sec'y,  Glasgow. 

Transactions.    Twenty-third  Session,  1879-SO. 


From   the  SOCIETY  of  CIVIL    ENGINEERS, 

Paris. 

M.  HusQUiv  DB  Rhbvillb,  Sec'y. 

M6moire8— Nov.    and    Uec,  1879;   Jan.,    Feb., 

March,  April^  May,  June,  July,  Aug  ,  ISao. 

From   L'ADMINI8TR.\TION    DBS  FONTS  ET 

CUAUSSEES,  Paris. 
Annales.    Dec,  1879;  Jau.,  Feb.,  March,  April, 

May,  June,  July  and  Aug.,  1880. 
Personnel.    1880. 

From  the  AUSTRIAN  SOCIETY  of  ENGINEERS 

and  ARCHITECTS. 

Editor:  Dpi.  Ing.  Jusef  Melan,  Vienna. 

Wochensohrift. 

Zeitschrift.  Part  XII,  1879.  Parts  1, 11,  III,  IV, 
V,  VI  and  VII,  1880. 

Onstav  Ritter  von  Wex— Second  Treati«p  on  the 
Decrease  of  Water  in  Springtt,  Creeks  and 
Rivers  Contomporaoeously,  with  an  In- 
crease in  Height  of  Floods  in  Cultivated 
Countries. 

From  the^AXONIAX  SOCIETY  of  ENGINEERS 

and  ARrillTECTS. 
Proceedings— 1879,  secuud  half. 

From  the  IMPERIAL  TECHNOLOGICAL  SOCI- 

ETY,  St.  I'otersburgh. 
Transactions. 

From  the  SWEDISH  SOCIETY  of  CIVIL  ENGI- 
NEERS, Stockholm. 
Mb.  C.  A.  A.NdsTH.M,  Sec'y. 
Sjette  Hsftet.  1879;  For»tH  Haflcl,  An.Irii  Hiiftet 
and  Tredjc  Hriftot,  ISSO. 

From  the  PORTUGESE  SOCIETY  of  CIVIL  EN- 

GINEEKS.  Lisbon. 

Mb.  a.  Dirkccao,  S«'c'y. 

Proceedings — Nov.  aud  Dec,  1^*79;  Jan.,  ISSO. 

From     the    EDITORS     AND     PKOl'RIKTORS, 
MESS.  A.  A.  C    NKVES  and  F.  L.  T.  C.  v\ 
SILVA,  Lisbon 
0  Constructor.     l8t  Series,  Nos.  1,  2,  3  and  0. 

From  the  ARGENTINE  SCIENTIFIC  SOCIETY. 

1).  Eduardo  Aouikkk,  Sec'y,  Buenos  Ayret*. 
Anales— Jan.,  Feb.   (2),  April,  May   and'  July. 
1880. 

From  the  AMERICAN  SOCIETY  of  CIVIL  EN- 
GINEERS. 
Mb.  John  Booart,  Sec'y,  New  York. 
Transactions.     Dec,  ls79;   .Ian,   Fel).,   March, 
April,  May.  Juno,  July  and  Auj;.,  1880; 
and  List  of  Members. 
From  the  AMERICAN  INSTITUTE  of  MINING 
ENGINEERS. 
Mb.  Thomas  M.  Dbowh,  Sec'y,  Easton,  Pa. 
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Morris— The  New  Rlrer  Coal  Field  of  West 
Virginia. 

Piatt — Note  oD  the  Defreest  Journal-Bearing. 

Kayniond — A  New  Method  of  Dredging,  Applica.- 
ble  to  Some  Kinds  of  Mining  Operations. 

Bgleston — The  Law  of  Fatigue  and  Refreshment 
of  Metals, 

Spllnbury— A  New  Air-Compressor 

Kimball— A tmospljeric  Oxidation  or  Weather- 
ing of  Cual. 

MacFarlaue — Silver  Islet. 

Wurtz — Fuel  Gas,  and  the  Strong  Water-Gas 
SvHtem. 

Mell— tbe  Claiborne  Group  and  its  Remark- 
able Fossils. 

Holley— Notes  on  the  Siemen's  Direct  Process. 

Merritt— The  North  Staffordshire  Coal  and  Iron 
District. 

Loiseau — The  Successful  Manufacture  of  Pres- 
sed Fuel  at  Port  Richmond,  Phila.,  Pa. 

Church — The  Heat  of  the  Comstock  Lode. 

Uartman— Notes  on  the  Blast  Furnace. 

Kennedy — Blast  Furnace  Wprking. 

Roberts— The  Puddling  Process  Past  A  Present. 

Boyd — The  Mineral  Resources  of  South-eastern 
Virginia. 

Richards— Notes  on  Battery  and  Copper-Plate 
Amalgamation. 

ProceediugH  of  the  annual  meeting  held  in  New 
York,  February,  1880. 

From  the  AMERICAN  IRON  AND  STEEL  AS- 
SOCIATION. 
Mr.  Jambs  M.  Swamk,  Sec>,  Philadelphia. 
The  Bulletin. 
The   Duty  on  Steel    Rails — The  Case  for   the 

Manufacturers  before  the  Ways  and  Means 

Committee,    House    of    Representatives, 

February,  1880. 
Elder— Memoir  of  Henry  C.  Carey. 
The  Iron  aud  Steel  Works  of  the  United  States, 

1880      Bound. 
Annual  Roport  of  the  Secretary,  presented  May 

2i>th.    ISSO.    containing    SiatiKtlos    of    the 

Anu'riran   and    Foroi gu    Iron    Trades   in 

lS7f*.  etc 
Also  the  following  TariH"  tracts: 
Welsh— Krei-  Trade  and  Protection. 
Dudley — What    Protection    has    Done   for    the 

Tniteil  States. 
Stebhins— A  Tariti  is  Not  a  T«x. 
Editorial    in    the    Bnlletin — Who   is   Augustus 

Mongredien  ? 
Our  F«» reign  CoinnM-rce  since  IhtJl. 
Short  Es.«*ays  on  Protection. 
Open  Lette'r  to  .Fohn   Bright— The  "Barbarism" 

of  Protection. 
Editorial  in  the   Hnlletin— Who  are  Benefitted 

by  Protection? 

From  theUMTEl)  STATES  ASSOCIATION  OF 
CllAKCOAL  IKON  WOKKERS. 
Mr.  .Iomn  Hikkinhine,  Sec'y,  Philadelphia. 
Journal.     Angust,  1SS(J. 

From  the  HOSTON  SOCIETY  of  CIVIL  ENGI- 
NE EUS. 

Mr.  S.  E.  TiNKn.\M,  Sec'y,  Boston. 
Records  of  Meetings.    Sept..  Oct  .  Nov.  aud  Dec, 

ls7!»;  .Ian..  Feb,,  March,  April  and  Mav, 

l!>S(t. 

Constitution,  By-Laws,  List  of  Members  aud 
Metric  Coniniittec's  Report. 

From  the  ENO  1  X  EERS'  SOCl  ETY  of  WESTERN 

PE.N.NSYLVANIA 

Mr.  J.v.mks  11.  Haklow,  Secy,  Pittsburgh. 

Metcalf— Why  Does  Steel  Harden? 

Harlow- Description  of  a  Derrick  Used  at  Davis 

Island  Dam. 


Roberta— The  Allegheny  RiTer. 
Kent— The  Metric  System. 
Gottlieb— The  Tay  Bridge. 
Hill— Steel  in  Constmctioa. 
Mahan— The  Metric  System. 

From  the  BOSTON  PUBLIC  LIBRARY. 
Bulletin.    Jan.,  April  and  July,  188n. 
Twenty -eighth  Annual  Report.    1880. 

From  the  AMERICAN  PHILOSOPHICAL  SOCL 
ETY,  Philadelphia. 
Mr.  J.  P.  LKiiLiB,  Librarian. 
Proceedings.    July  to  December,  1879 ;  Jaaauv 
to  March,  1880. 

From  the  PHILADELPHIA  SOCIAL  SCIEKCE 

ASSOCIATION. 
Rosengarten — Reform  Schools. 
Kellogg — Thoughts  on  the  Labor  Qnestioa. 
Ray — Isolation  of  Persona  in  Hospitals  for  tk« 

Insane. 
Whitney— Public  Schools  in  their  BelatloiM  ts 

the  Community. 

Hodge— The  Philadelphia  Society  for  Orgaaii- 
Ing    Charitable    Relief    and    Beprusiaf 
Mendicancy. 
From  the  FRANKLIN  INSTITUTE,  Phils. 
Dr.  Isaac  Norris,  Sec'y. 
Journal — Feb.,  March,  April,  Hay,  Jnne,  Jilf 
and  Angust,  1880. 

From  the  U.  8.  COAST  and  OEODBTIG  8URTEI. 

HoK.  C.  P.  Pattirsox,  Snperintendeat 

J.  E.  UiLOARD,  Assistant  in  charge  of  Oflcs. 

Reports.     1871.,  1872.  1873,  1874.    4  Tols.,booBi. 

Report.    1876.     Bound. 

From  ENGINEER  DEPARTMENT,  U.  8.  ARHT. 

Mendell— Report  upon  the  Blasting  Operatiou 

at  Lime  Point,  CaUfornU,  in  1868  and'H. 

From  the  WAR  DEPARTMENT. 
Brown — Annual  Report   upon  Improvement  of 
South  Pass  of  Mississippi  River. 

From  the  DEPARTMENT  OF  THE  INTERIOR. 
Report  of  Auditor  of  Railroad  Accounts.    1879. 

From  PROF.  C.  A.  ANGSTROM,  Stockholm. 
Austroin- Handbook  for  Baritkuing  och  Bygf- 

nad  af  Turbluer  och  Turbin — Punipar.   2 

vols.,  te.xt  and  plates. 

From  MR.  P.  H.  BAERMANN,  C.E.,  West  Troy, 
New  York. 

Canal  Commissioners  of  State  of  New  York.  An- 
nual Report  for  IST-'i.     Bound,  with  Map*. 

Baerniann — Report  to  Water  Couunissiouers  of 
Richfield  Springs.     January,  lb'9. 

Baermann  and  Mc.\lpine — Report  to  Troy  WsI*t 
Works  Company.  1876. 

Stereoscopic  Views  of  Concrete  Machine  and  In- 
let and  Waste  Valves. 

Dehlland  Middletown  R.  R.— Specification, Con- 
tract  and  Estimate. 

Johnstown  Water  Work.s — Specifications,  Pro- 
poisals.  Rates,  Rules,  etc. 

West  Troy  Water  Works— Specifications  and 
Estimate!*. 

Pier  In  Harbor  at  Whitehall— Specification. 

Enlargement  of  Erie  Canal,  1H49 — Piers  snd 
Embankments  Specifications. 

New  York  State  Canals,  1H54 — Aqueduct  Speelll- 
CHtloos. 

New  York  State  Canals,  186S— General  Specifi- 
cations. 

Water  Commissioners,  City  of  Troy— 6th,  ISth, 
'21st.  23d  and  'JTuh  Annual  Reports 

Baermann — Report  on  Water  Works  for  Oxford, 
N.  Y.,1S79. 
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BxecatiTe  Board  of  Rochester,  N.  T. — Animal 
Keport,  1877. 

New  York  State  Commission — Steam  on  Canals. 
Second  Annual  Report,  1873. 

Hew  York  State  Engineer  and  Sarreyor^An- 
naal  Report  on  Canals  of  New  York,  1870. 

Pi  Eta  Scientific  Society  of  Rensselaer  Poly- 
technic Institnte— Papers  for  1875,  1877, 
1878^  and  1879-80. 

Rensselaer  Polrtechnic  Institute— Annual  Reg- 
ister, 187». 

Statistics  and  Information,  Trade  and  Commerce. 
Buffalo,  1874. 

Hiccol— The  Sugar  Insect.    Philadelphia,  1868  . 

Special  Commissioner  of  the  Revenue — Report 
npon  Industry,  Trade,  Commerce,  etc.,  of 
U.  S.  for  18». 

From 
The  San  Francisco  River — Abstract  of  Report  of 
Hydraulic  Commission  of  Brazil,  W.  Mil- 
nor  Roberts,  Chief  Engr. 

From  MR.  SAMUEL  H.  YONGE,  C.E. 

YoDge — Testimony  at  the  Coroner's  Inquest  of 

the  St.  Charles  Bridge  Disaster. 

From  MR.  P.  W.  SHEAFER. 
Sheafer— The  Anthracite  Coal  Fields  of    Penn- 
sylvania and  their  Exhaustion. 

From  MR.  WM.  A.  INGHAM  (member  of  the 
Club),  Secretary  of  the  Board  of  Commis- 
sioners. 

Second  Geological  Survey  of  Pennsylvania  Re- 
poru.  Pi,  Q2  and  Q3. 

From  DR.  WM.  H.  McFADDBN,  (member  of  the 

Club). 
McFadden— Report  of  Chief  Engineer  of  Phila. 

delphia  Water  Department,  1879. 

From  MR.  JOHN  C.  TRAUTWINE,  C.E.,  (Hon. 
ontry  member  of  the  Club). 


Trantwine  —  Engineers'  Pocket  Book  — 1881, 
bound. 

From  MR.  MONCURE  ROBINSON  (Honorary 

member  of  the  Club). 
Robinson— Obituary  Notice  of  Michel  Chevalier. 

From  MR.  ERNEST  PONTZEN  (Corresponding 

member  of  the  Club). 
Level — Les  Chemins  de  Ff r  devant  le  Parlement 

Texploltation  par  I'etut  et  par  riudustrie 

priv6e. 
De  Franqueville— L'6tat  et  les  Chemins  de  Fer 

en  Angleterre. 
Pontzen— Chemin  de  Fer  de  L'Arlberg. 

From  MR.  FREDERIC  GRAFF  (member  of  the 
Club) 

Watnppa  water  Board — 6th  Annual  Report — 
1880. 

Lowell  Water  Board— 7th  Annual  Report— 18S0. 

Centre  Square  Water  Works,  Philadelphia- 
Lithograph,  framed. 

From  MR.  J.  J.  db  KINDER  (member  of  the 

Club). 
A.  E.  Hall's  Pontoons  for  Transporting  Dredged 

Material— Two  large  Photographs, framed. 

From  MR.  CHAS.  E.  BILLIN  (member  of  the 
Club). 

Gantier — Dephosphorization  of  Iron.  Trans- 
lated by  C  has.  E.  Billin. 

Commissioner  of  Agriculture — Handbook  of  Vir- 
ginia, 1879,  P.  Soc.  Sci'. 

M.  Colliguon— Enveloppe  des  Ellipses  Plan4- 
taires. 

From  PROF.   L.   M.   HAUPT   (member  of  the 

Club). 
American  Engineer — Nos.  1  and  2 
Haupt— Improvement  of  the  Ohio  River. 

**    — Lithograph  of  U.  S.  Coast  and  Geodetic 
Survey  of  tUo  Delaware  River  at  Phila. 
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LIST  OF  MEMBERS. 

Additions. 

MoRDECAi,  Augustus,  N.  Y.,  P.  &  0.  R.R.,  Cleveland,  Ohio. 

Elected  March  6th,  1880. 
Dye,  John  H.,  Survey  Dept.,  Phila. 
Osborne,  J.  Godolphin,  Pearisburg,  Giles  Co.,  Va. 

Elected  May  1,  1880. 
Graham,  John,  Jr.,  Pearisburg,  Giles  Co.,  Va.    "  "        " 

Thompson,  Chas.  T.,  1057  Richmond  St.,  Phila.  " 
Ogden,  John  L.,  72d  and  Greenway  Ave.,  "       "  "        " 

Leuffer,  Andrew  B.,  2036  Mt.  Vernon  St.,  "       " 
BiRKiNBiNE,  Harry,  152  S.  4th  St.,  "       " 

d'iNViLLiERs,  Camille  S.,  Lancaster,  Pa.  "  "        " 

Halsey,  Jas.  T.,  1359  Ridge  Ave.,  " 

BucHHOLZ,  Chas.,  W.,  227  S.  4th  St., 
Boyd,  John  T.,  Rogers  Locomotive  Works, 

Paterson,  N.  J. 
Towne,  Linwood  0.,  221  S.  38th  St.,  Phila. 

Note. — A  complete  revised  list  of  members  will  be  published,  in  which  all 
changes  and  corrections  may  be  seen. 


BOOK  NOTICE. 

Experiments  on  the  Strength  of  Wrought  Iron  and  of  Chain 
Cables.  By  Commander  L.  A.  Beardslee,  U.S.N.  Revised 
and  abridged  by  Wm.  Kent,  M.E.     John  Wiley  &  Sons. 

Under  the  above  title,  Mr.  Wm.  Kent  has  given  ns,  in  a  compact 
form,  for  ready  reference,  the  imj)ortant  conclusions  arrived  at 
upon  the  subject  of  Wrought  Iron  by  the  United  States  Test 
Board.  It  is  unnecessary  to  speak  of  the  results  enumerated,  as 
their  great  value  and  trustworthiness  are  universally  recognized. 
It  is  a  book  which  sliould  be  thoroughly  examined  by  all  doing 
work  in  iron  for  structural  and  other  uses;  and  its  contents  are 
but  anotlier  strong  point  in  tlie  argument  for  the  continuation 
by  Congress  of  a  Board  whose  labors,  at  the  very  beginning,  were 
crowned  with  such  great  success. 
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ANNUAL  ADDRESS 

Of  Frederic  Graff,  Retiring  President, 


EXTLEMEK : 

It  is  not  my  intention  to  attempt  to  give  you  an  exhaustive 
catalogue,  or  detailed  description,  of  all  the  many  engineering 
rorks  worthy  of  mention,  that  have  heen  projected,  commenced, 
r  accomplished  during  the  past  year,  though  such  a  course  is 
isual  on  occasions  like  the  present.  I  propose  to  tax  your  j/a- 
;ience  for  a  short  time^  by  simply  naming,  and  briefly  describe 
II g,  some  few  only  of  such  works  as  have  attracted  the  attention 
f  engineers  and  the  public. 

Of  the  proposed  scheiueSj  perhaps  those  relating  to  the  con- 
truction  of  an  inter-oceanic  canal,  have  created  the  largest  share 
if  interest  The  details  of  the  plan  and  route,  for  a  canal  witli- 
put  -locks,  proposed  by  Monsieur  de  Lesseps,  and  others  which 
liave  been  suggested  by  it,  or  have  preceded  it  and  are  now 
vived,  have  been  freely  placed  before  the  public.  Those  of 
you  who  have  paid  attention  to  the  subject,  are  well  acquainted 
uith  them,  and  are  also  familiar  with  the  plan  of  Cajft,  Eads 
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for  a  ship  rail-road  to  effect  the  same  object,  as  he  alleges, 
with  less  first  cost,  and  greater  advantages  in  speed  and  con- 
venience. 

These  are  grand  schemes,  and  are  now  being  vigorously  urged 
by  their  respective  champions;  one  or  other  of  the  plans  pro- 
posed, will  doubtless  be  commenced  this  year.  Their  relative 
merits  have  been  fully  discussed  before  several  of  the*  engineer- 
ing societies  of  this  country  and  Europe.  It  is  evident  from  the 
information  thus  brought  out,  and  the  examinations  and  surveys 
made  of  the  different  locations  proposed,  that  there  are  no  diffi- 
culties, on  either  of  them,  that  cannot  be  successfully  overcome, 
by  the  engineering  talent,  energy  and  facilities  of  the  present  day. 

We  have  only  to  turn  to  the  consideration  of  the  work  accom- 
plished in  the  construction  of  the  great  mountain  railway  tunnels 
of  our  own  country  and  Europe,  to  be  convinced  of  this.  The 
Hoosac,  Mt.  Cenis  and  St.  Gothard,  are  notable  examples  of 
what  may  be  accomplished. 

The  St.  Gothard,  now  approaching  completion,  is  thus  far  the 
grandest:  fully  two-thirds  of  the  total  length  of  the  tunnel  proper 
is  entirely  finished,  ready  for  use:  the  enlargement  of  the  balance 
is  so  far  advanced  that  it  is  estimated  it  can  be  completed  early 
in  April  next. 

Tlie  approaches  to  the  tunnels  are  of  themselves  great  works, 
comprising  some  fifty-two  smaller  tunnels,  having  a  total  length 
of  sixteen  miles,  nearly  all  of  which  are  pierced,  and  about  one- 
lialf  now  completed:  up  to  September  30th,  1880,  about  ?16,526, 
000  had  been  expended,  of  which  ^9,970,000  was  for  the  tunnel 
l^roper,  and  §6,556,000  upon  the  approaches.  The  success  of  the 
Mt.  Cenis  tunnel  and  the  anticipated  future  usefulness  of  the  St. 
( Jothard,  has  lead  to  the  contemplation  of  others  of  like  character, 
through  the  Alps. 

A  tunnel  is  now  proposed  through  the  Simplon,  which,  if  con- 
structed, would  shorten  the  distance  between  Paris  and  Milan  at 
least  one  hundred  and  twenty  miles,  and  by  adopting  a  'route 
througli  Mt.  Blanc  (also  proposed)  this  distance  can  be  still 
further  considerably  reduced.  It  is  believed  that  neither  of  these 
schemes  present  greater  difficulties  than  that  nearly  accomplished 
at  St.  Gothard:  the  relative  lengths  of  these  tunnels  will  be,ap- 
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proximately^  about  7J  miles  for  Mt.  Cenis,  9J  for  St.  Gothard,  12 

tfor  8implon,  and  8  J  for  Mt  Blane. 
Tlic  expense  cannot,  however,  be  measured  by  the  respective 
lengths  of  the  tunnel  proper;  the  approaches  and  other  items  in- 
cidental to  the  individual  i^quirements,  will  make  marked  differ- 
ences in  this  particular, 
B      Works  of  this  character,  gigantic  and  difficult  as  they  appear, 

■  no  longer  astonish  us;  in  fact  no  work  of  tlxe  kind  is  considered 
too  bold  or  extensive  for  our  engineers  to  undertake.  Their  in- 
genuity in  devising  and  adapting  new  machines  and  appliances 
for  etfecting  their  purpose  economically  and  rapidly,  is  truly 

^  wonderful 

■  The  use  of  drilling  machines  worked  by  compressed  air  and  the 
employment  of  dynamite  and  other  rapid  exj^losivcs,  make  work 
of  this  character  feasible  now,  that  would,  only  a  few  years  back, 
have  been  impossible*    I  think  w*e  may  confident^  look  forward 

■  to  the  time,  when  the  whole  face  of  rock  tunnels  may  be  driven 

■  at  one  operation,  and  pmbably  by  the  use  of  comparatively  much 
smaller  ijunntities  of  explosives. 

I  One  of  the  works  started  during  the  past  yeafj  (which,  had  it 
T»een  proposed  a  few  ye^rs  since,  would  have  been  startlitig  in  the 
highest  degree,)  is  the  project  of  tunneling  under  the  Hudson 
liveFj  bj^  the  aid  of  compressed  air.  Tiie  success  in  sinking  cais- 
sons for  the  construction  of  the  piers  of  the  St.  Louis,  Brooklj^n 
and  other  of  our  stupendous  bridges,  by  this  means,  probably 
led  to  the  adoption  of  this  plani  though  the  use  of  such  means  is 

fnot  without  precedent,  for  we  have  record  of  a  tunnel  having 
been  thus  driven  in  Europe,  through  quick-sand; — of  limited 
length  and  size,  it  is  true,  the  main  difference  being,  that  the  air 
lock  was  placed  vertically  in  the  shaft,  instead  of  horizon  tally » 
-  wherein'  an  important  element  of  safety  to  the  men  employed 
was  secured. 

The  Hudson  river  tunnel  was  certainly  started  with  an  appa- 
rent recklessness,  and  disregard  of  proper  precaution  and  prece- 
dent, that  cannot  be  too  strongly  condemned. 

The  use  of  comj^ressed  air  is  rapidly  increasing,  and  although 
I  much  improvement  has  been  made  in  the  engines  and  means  of 
'producing  the  pressure^  as  well  as  in  the  drills,  and  othei  a^'^\v 
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ances  in  which  it  is  utilized,  we  have  still  to  hope  for  further  ad- 
vance in  perfecting  the  air  compressing  machinery. 

A  suggestive  application  of  compressed  air  was  made  in  one 
instance,  to  the  successful  cleansing  of  a  reservoir,  in  which  was 
a  large  accumulation  of  silt.  The  method  employed  was  by 
means  of  a  pipe  and  gum  hose,  carried  upon  a  scow,  the  pipe 
having  a  perforated  nozzle,  through  which  air  compressed  under 
a  tension  of  eighty-five  pounds  to  the  square  inch,  was  forced  by 
an  engine  of  eight  horse  power.  The  silt  was  thus  loosened  and 
stirred  up,  and  then  flushed  through  the  sluices  of  the  reservoir, 
the  pressure  was  kept  up  by  the  use  of  an  accumulator. 

Some  modification  of  this  plan  could,  I  think,  be  used  to  ad- 
vantage in  cleansing  out  sewers  in  which  silt  has  accnmulated. 

The  application  of  compressed  air  to  motive  power  for  street 
rail-roads,  has  not  yet  proved  sufficiently  perfect  or  economical 
to  meet  with  adoption. 

It  has  recently  been  proposed  to  supply  power  commercially, 
for  small  motors  for  domestic  purposes,  the  compressed  air  being 
supplied  from  a  central  station,  distributed  through  suitable 
street  mains,  and  taken  off  where  desired,  at  a  fixed  rat«  of  charge. 
Hydraulic  pressure  has  also  been  proposed  to  be  applied  for  simi- 
lar purposes,  for  cranes  and  passenger  elevators,  the  waste  water 
to  be  returned  by  a  second  line  of  pipes  to  the  reservoir  at  the 
pumping  station,  this  latter  course  only  being  necessary  where 
the  public  water  supply  is  limited,  and  the  charge  for  its  use  ex- 
cessive. 

Hydraulic  pressure  produced  by  the  head  upon  the  street  mains 
of  some  of  our  cities,  created  by  tanks  on  the  tops  of  the  houses, 
or  by  the  intervention  of  accumulators,  has  been  quite  generally 
applied  as  motive  power  for  passenger  and  other  elevators,  in  our 
hotels  and  store  houses.  Many  such  have  been  erected  during 
the  past  year;  it  supplies  a  smooth,  safe  and  convenient  power  for 
this  purpose. 

The  use  of  hydraulic  cranes  have  not  increased  as  much  as 
might  be  expected,  although  now  almost  exclusively  and  advan- 
tageously employed,  in  the  extensive  steel  works  of  this  country. 

To  the  railways  of  our  country  there  have  been  added  in  the 
past  year  not  less  than  seven  thousand  five  hundred  miles,  making 
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Ihe  aggregate  length  now  in  us«^  more  than  eighty -three  tliou- 
Baod  mi  lea  The  length  of  track  laid  last  year  is  greater  than 
jBver  before  laid  in  one  year,  in  the  United  States  or  any  other 
country, 

,  Mueh  improvement  has  been  made  in  the  cliaracter  of  the  per- 
tnaiient  way,  rolling  stock,  and  conveniences  of  travel  on  most  of 
Our  railways,  but  sufficient  attention  has  not  yet  been  juiid,  to 
iiiiTeasing  the  safety  of  j>assengerSj  and  reducing  tlie  ijossibility 
pf  accidents,  by  the  adoption  of  the  block  system,  with  interlock, 
ing  switchi^  and  signals. 

Narrow  gauge  roads  have  increased,  particularly  in  parts  of  the 
west,  where  it  is  desirable  to  develop  the  resources  of  the  country 
rapidly,  and  in  nigged  and  difficult  locations,  where  wider  roads 
Would  be  impracticable  at  any  reasonable  cost.  An  instance 
^hich  came  under  my  notice  is  the  road  up  Clear  C^reck  CaRon, 
Colorado,  to  Central  City,  Georgetown ,  etc.  At  Central  City  an 
kltitude  of  over  eight  thousand  feet  above  the  sea,  is  reached  by 
a  road  of  three  feet  gauge,  carried  up  the  very  precipitous  side  of 
Ihe  mountain^  by  a  series  of  switch-backs  of  the  boldest  character. 

It  is  estimated  tliat  there  are  now  over  five  tlioui^and  miles  of 
narrow  gauge  roads  in  tins  country.  Tlieir  emidoyment  in 
Etirope  is  also  increasing,  where  there  are  now  in  use  nearly 
twenty  different  widths,  ranging  from  eighteen  inches  to  forty- 
eiglit  inches;  the  metre  and  three  feet  six  inch  gauge  being  the 
most  used. 

In  Europe,  on  very  steep  grades,  the  rack  and  pinion  roads, 
iomewhat  like  that  on  Mt.  Washinglon,  have  been  adopted,  in 
iome  eight  or  ten  cases. 

In  tSwitzerland  there  has  been  built  one  road,  emploving  what 
13  called  the  water  balance  method,  on  an  inclined  plane,  at  the 
iumniit  of  which  there  is  an  ample  supply  of  water.  It  is  a 
idouble  track,  upon  which  one  train  rises,  and  the  other  deseends, 
the  two  being  attach efl  to  a  steel  wire  calde,  jmssing  over  a  large 
iheave:  the  descending  train  has  its  tanks  (which  are  under  the 
curs)  filled  with  suflicient  water,  to  draw  up  the  loaded  train  on 
the  opposite  track.  This,  where  the  water  supply  is  ample  (as  in 
the  case  mentioned)  is  a  simple  and  economical  metliod  of  sur- 
jnountjog  elevations  of  limited  altitude  and  length. 
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As  a  means  of  transportation  upon  street  roads,  that  employed 
on  several  of  the  steepest  streets  in  San  Francisco  may  have 
mention,  and  be  described  as  follows:  a  steel  wire  cable,  about 
one  inch  in  diameter,  and  in  one  case  sixteen  thousand  feet  long, 
passes  over  sheaves  placed  at  intervals  of  forty  feet,  in  a  small 
tunnel  placed  under  the  surface  of  the  street,  between  the  rails. 
The  cable  is  kept  in  motion,  at  the  rate  of  about  six  miles  per 
hour,  by  a  stationary  engine,  situate  on  the  line  of  the  road.  A 
dummy  or  traction  car,  is  so  arranged  that  by  means  of  a  flat  bar 
of  steel  passing  through  a  slot  three-quarters  of  an  inch  wide, 
made  in  '^he  top  of  the  tunnel,  and  a  proper  lever  connection 
fixed  to  the  car,  a  clutch  is  made  to  grip  .the  moving  cable 
tightly,  when  the  traction  car  and  an  ordinary  street  car  attached 
to  it  advances,  of  course  at  the  same  rate  of  speed,  as  the  cable, 
and  by  releasing  the  grip  and  applying  the  ordinary  break,  the 
car  is  stopped,  as  easily  and  quickly  as  an  ordinary  horse  car. 

This  plan  is  peculiarly  well  adapted  to  San  Francisco,  where 
the  grades  are  in  many  cases  so  great  as  to  preclude  the  use  of 
the  ordinary  street  cars,  without  the  aid  of  extra  horses. 

On  one  of  the  roads,  an  elevation  of  335  feet  is  surmounted,  in 
a  distance  of  202G  feet,  and  the  appliances  for  connecting  and  dis- 
engaging the  cars  and  otiier  details  of  the  plan,  are  carried  out 
with  great  ingenuity  and  efficiency. 

It  is  stated  that  the  system,  beside  being  so  well  adapted  to  the 
situation,  is  considerably  less  costly  in  running  expenses,  than 
upon  roads  using  horses.  There  are  now  five  of  these  roads  in 
use,  and  two  more  are  about  being  built. 

Of  course  the  plan  would  be  attended  with  difficulty,  where 
frost  and  ice  are  more  usual,  by  accumulating  in  the  tunnels, 
through  the  slots,  and  about  the  cable  and  the  pullies  ujwn 
which  it  runs. 

The  elevated  street  roads  of  New  York  appear  to  be  successful 
and  to  have  gained  tlie  confidence  of  the  people  as  to  safety,  etc. 
It  is  a  significant  fact,  showing  the  difference  between  English 
and  American  people,  that  the  traffic  upon  the  underground  rail- 
roads of  London,  with  its  enormous  population,  had  last  year  (or 
vseventeen  years  after  their  construction)  reached  00,747,000  per- 
sons per  annum,  on  about  twenty-five  miles  of  roads.     In  the  city 
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of  New  York  with  a  population  of  about  one-fourth  that  of 
London,  61,0tK),()00  passengers  were  carried  last  year,  over  twenty- 
teeven  miles  of  elevated  roads. 

The  kind  of  traffic  in  each  case  is  almost  identical,  being 
iimply  passengers  going  from  one  part  to  the  other  of  the  same 
jCity. 

As  a  means  of  transporting  material,  the  hydraulic  mining,  so 
extensively  employed  in  California,  is  effectual  and  remarkable. 

Upon  a  grade  of  about  a  quarter  of  an  inch  to  the  foot,  a  so- 
called  miners  inch  of  water,  ec^ual  to  a  flow  of  about  17,000  gal- 
lons in  twenty-four  hours,  has  been  found  capable  of  moving  ten 
tons  of  quarts!,  gravel,  sand  and  iron,  to  a  distance  of  ten  miles  in 

day,  and  at  one  gravel  mine,  twenty-five  cubic  yards  of  trail- 
ings  were  moved  fifteen  miles  in  one  day.  The  practice  is  how- 
ever working  to  serioos  disadvantage  by  filling  up  the  small 
gtreams  and  rivers. 

A  species  of  hydraulic  mining  was  applied  last  year  to  eliect 
the  removal  of  part  of  IMamond  Reef,' New  York  llarlH>r.  The 
large  rocks  had  been  previously  blown  out,  leaving  a  mass 
[of  bard  pan,  boulders,  gravel  and  sand.  This  required  to  be 
moved  by  some  means  into  the  deep  water  near  at  hand.  A 
powerful  water  jet  was  forced  by  a  steam  pump,  througli  hose  and 
iron  pipe,  which  could  be  directed  from  a  scow  to  the  position  re- 
quired. By  this  means,  much  of  the  clay  and  fine  material  was 
loosened  and  swept  into  deep  water  by  the  tide,  or  dragged  there 
,by  rakes  worked  by  steam  power  on  the  scows, 

A  species  of  injector  was  afterwards  used,  which  consisted  of  a 
|>ipe  of  large  diameter,  into  one  end  of  which  water  was  pumped 
through  a  smaller  pipe,  and  this  was  applied  to  the  dirt  to  be  re- 
moved, and  the  material  passing  with  the  water  into  the  large 
tube  through  the  annular  space  around  the  smaller  one,  and  out 
tof  the  other  end  was  delivered  into  deep  water;  the  pipe  being 
placed  in  a  horizontal  position  or  nearly  so, 

A  very  important  work  in  a  country  where  there  are  so  many 
livers  more  or  less  impaired  in  their  usefulness  by  seasons  of 
low  water,  is  the  erection  of  movable  dams,  such  as  are  now  being 
constnicted  at  Davis  Island,  on  the  Ohio  river,  five  miles  below 
Pittsburg,  and  on  the  Kanawha  river,  Virginia, 


88  Oraff— Annual  Addrets.  [Proc  Eng.  Qnb^ 

The  plan  is  largely  employed  upon  the  rivers  of  France,  where 
there  are  now  in  successful  use,  neariy  one  hundred  and  fifty 
such  dams. 

The  idea  of  movable  dams  for  the  improvement  of  the  naviga- 
tion, is  believed  to  have  originated  in  the  United  States  with  the 
late  Canvas  White,  and  to  have  first  been  used  on  the  Lehigh 
river.  They  were  then  called  "bear  trap"  dams  and  were  simple, 
ingenious  and  effectual ;  they  were  constructed  of  wood  lying  flat 
upon  the  bottom  of  the  stream  in  high  water,  were  automatically 
raised  by  an  ingenious  arrangement  of  sluices,  when  the  water 
in  the  river  fell  low  enough  to  make  their  use  necessary. 

The  river  at  Davis'  Island  is  about  fourteen  hundred  feet  wide, 
the  dam  proper  will  be  divided  into  four  parts  with  a  lock  upon 
the  bank  of  the  river.  The  floor  of  the  dam  is  formed  on  con- 
crete with  cut  stone  top,  during  high  water  all  parts  of  the  dam, 
consisting  of  movable  wickets,  rest  on  this  bottom;  behind  these 
are  a  set  of  trestles  also  hinged  so  as  to  lie  flat  on  the  floor.  * 

When  the  water  falls,  these  trestles  are  first  raised,  and  by 
planks  placed  upon  them  form  a  bridge,  from  which  the  wick^ 
of  the  dam,  one  hundred  in  number,  are  raised  one  at  a  time, 
the  four  sections  of  the  dam  are  of  different  levels,  and  one  or 
all  can  be  used  checking  the  flow  and  backing  up  the  water  in 
the  river  as  required.  When  the  river  falls  so  low  as  to  make  it 
necessary  for  all  to  be  raised,  the  lock  has  to  be  used. 

The  lock  is  a  fine  piece  of  work,  one  hundred  and  six  feet 
wide  and  six  hundred  feet  long  in  the  clear.  The  gates  are  of 
unusual  construction,  being  trussed  wooden  structures,  running 
upon  wheels,  sliding  across  the  lock  at  right  angles  and  back  into 
proper  recesses ;  each  gate  is  one  hundred  and  eighteen  feet  long, 
and  will  be  worked  by  chains  and  drums,  driven  by  turbine 
wheels.    • 

The  dam  when  in  use  will  secure  a  long  distance  of  slack 
water  navigation,  and  create  a  harbor  at  the  city  of  Pittsburg. 

The  system  of  steam  towing  by  the  employment  of  wire  or 
chain  cables  laid  upon  the  bottom  of  the  stream,  and  passed 
around  winding  drums,  driven  by  steam  engines  and  placed 
upon  the  decks  of  the  towing  boat,  is  quite  generally  and  success- 
fully used  upon  the  Elbe,  and  other  rivers  of  Europe.     The  plan 
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la*?  been  carefully  tested  last  year  upon  nearly  one  hundred  miles 
|f  the  Erie  canal  It  is  claimed  tliat  the  greater  J^peed  attainable 
>y  this  method,  has  practically  increased  the  working  capacity 
if  the  canal,  fully  fifteen  per  cent.,  and  is  an  entire  success. 

As  a  means  of  transporting  one  of  the  most  useful  products  of 
jur  state,  the  so-called  "oil  pipe  lines"  have  increased  and  proved 
I  succei?s.  Oil  has  been  forced  tlirough  lines  of  pipe,  varying 
rom  twenty-five  to  fifty  miles  in  lengthy  and  a  line  of  more  than 
bree  times  the  latter  distance  has  been  proposed, 
*  The  pumping  service  for  some  of  the  lines  is  very  severe^  tlie 
)ressure  npon  the  pumps  has  reached  between  twelve  and  fifteen 
mndred  pounds  to  the  square  inch,  when  pumping  through 
)ipes  of  six  inches  diameter^  wiiilst  their  capacity  is  very  large, 
rarying  from  eight  to  fifteen  thousand  barrels  each  per  day. 

Owing  to  their  remarkable  smoothness  of  action,  freedom  from 

ihoeks,  advantages  which  peculiarly  adapts  them  for  pumping 

directly  into  the  mains,  the  Worthington  Duplex  engine,  both 

fcaon-condensing  and  compound  condensing,  have  been  much  em- 

kloyed  for  this  service,  and  proved  entirely  successful  in  all 

piflrticnlHr^, 

To  Buston  belongs  the  credit  of  being  the  first  city  in  this 
country,  to  construct  a  complete  system  of  intercepting  sewei's, 
for  tlie  purpose  of  carrying  away  and  disposing  of  the  sewage,  at 
%  point  where  it  will  be  entirely  i nocuous, 

I  The  general  feature  of  the  plan  now  being  carried  out,  are  the 
Eonstruction  of  an  intercepting  sewer  around  the  city,  receiving 
the  How  of  all  the  present  and  proposed  lateral  sewers.  The 
Rewage  will  be  lifted  by  steam  power  to  a  height  of  about  thirty- 
pve  feetj  and  then  passed  by  an  inverted  siphon  and  tunnel  under 
An  arm  of  the  sea  to  ''Moon  Island,"  upon  which  a  reservoir  of 
five  acres  area  is  being  constructed;  from  tliis,  for  two  hours  at 
Ihe  proper  stage  of  the  ebb  tide,  it  will  be  discharged  and  carried 
to  sea. 

,    Many  and  long  continued  experiments  were  made  by  floats, 
etc-,  etc.*  whereby  the  engineers  were  convinced  that  all  objec- 
tionable matter  would  certainly  be  carried  beyond  the  reach  of 
arm  to  the  city  or  harbor. 
The  district  drained  is  about  sixty  square  miles^  about  forty- 


90  Oraff— Annual  Address.  [Proc  Eng.  anb, 

six  miles  of  which  is  high  enough  not  to  require  pumping,  and 
will  pass  by  its  own  sewer  direct,  the  lower  level  sewer  will,  how- 
ever, be  large  enough  to  receive  the  whole. 

The  inclination  of  the  sewers  are  calculated  to  give  a  velocity 
of  from  two  to  five  feet  per  second,  at  their  minimum  flow.  They 
vary  in  size  from  the  three  feet  egg  shape  to  ten  feet,  six  inches, 
circular,  and  are  all  built  with  Portland  or  Rosendale  hydraulic 
cement. 

The  pumping  station  is  built  for  eight  engines,  each  capable 
of  lifting  25,000,000  gallons  to  a  height  of  fifty  feet  in  twenty-four 
hours.  Two  of  these  engines  are  being  built  from  the  designs 
of  E.  D.  Leavitt,  and  two  are  Worthington  compound  direct  act- 
ing. The  tunnel  to  "Moon  Island"  is  one  hundred  and  thirty- 
five  feet  below  low  water,  nearly  level,  and  about  seven  thousand 
feet  long. 

The  sewerage  of  Memphis  has  been  executed  upon  a  plan  now 
gaining  attention  both  in  this  country  and  in  Europe,  the 
plan  being  to  make  the  sewers  only  large  enough  to  carry  off  the 
house  drainage,  and  disposing  of  storm  water  over  the  surface  or 
by  seperate  sewers. 

The  house  sewers  not  receiving  any  storm  water,  flushing 
tanks  become  positively  necessary;  these,  as  built  in  Memphis, 
are  small  underground  reservoirs  of  masonry,  containing  about 
one  hundred  and  twelve  gallons,  supplied  from  the  street  mains, 
so  that  they  may  be  filled  once  in  twenty-four  hours.  By  means 
of  a  peculiar  siphon,  acting  automatically,  they  are  discharged  in 
about  one  minute,  with  a  rush  into  the  drains,  thus  flushing  them 
once  every  day. 

The  system  at  Memphis  is  principally  glazed  pipe,  from  15  to 
20  inches  diameter  for  the  mains,  and  G,  8  and  12  inches  for  the 
laterals.  They  aggregate  about  forty  miles  in  length;  the  outlet 
discharges  into  the  Mississippi  below  low  water. 

There  are  no  man  holes  on  any  of  the  sewers;  they  are  sup- 
plied with  large  gratings  for  the  admission  of  fresh  air  and 
ventilating  pipes  of  four  inches  diameter  are  carried  at  short  in- 
tervals to  the  tops  of  the  liouses. 

No  house  of  any  size  is  allowed  a  connection  with  the  main 
line,  of  more  than  four  inches  diameter,  the  idea  being  that  no 
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ireign  niattcr  could  pass  tlirough  this  large  enough  to  obstruct 

six  inch  glazed  pipe,  so  that  if  housekeepers  allow  their  four 

ch  connection  to  be  obstructed,  they  alone  will  be  the  auiferers 

d  not  the  city. 

Every  part  of  the  work  is  said  to  have  been  carried  out  with 
;ie  utmost  care,  a  very  essential  feature  when  such  small  pipes 
xe  used,  and  one  unfortunately  not  always  attended  to. 

The  system  presents  the  attractive  feature  of  comparatively 

w  first  costj  but  it  is  open  to  several  serious  disadvantages,  the 
It,  perhaps,  being  the  dependence  for  cleansing  upon  hidden 
matic  arrangements  of  doubtful  capacity  and  the  small  size 
Df  the  pipes  used. 

The  knowledge  of  these  objections  should  call  for  great  caution 
ftnd  more  lengthy  experience,  before  the  extensive  adoption  of  the 
Eri^f  tem.  It  has  not  yet  met  with  general  favor  in  England,  where 
it  has  been  much  discussed  by  eminent  engineers. 

The  growing  uneasiness  of  the  public  in  regard  to  defective 
llratnage,  and  tlie  eflects  of  the  so-called  sewer  gas,  ha!^  led  to 
liome  important  improvements  in  traps,  closets  aud  such  appli- 
pnceSy  but  more  particularly  has  it  been  useful,  in  demanding 
Jnore  skill  and  care  on  tlie  part  of  plumbers  antl  builders, 

A  method  of  disposing  of  street  mud  and  sweepings  which  has 
teen  tried  at  several  places  in  Engl  an  d^  has  the  promise  of  sue- 
In  the  City  of  Leeds  it  has  been  in  use  during  the  past  year. 

It  consists  of  the  burning  up  of  the  sweepings,  in  a  species  of 
&re  brick  lined,  reverberatory  furnaces,  with  sloping  floors,  ^nd 
iivided  into  cells,  each  cull  being  capable  of  destroying  seven 
pons  of  refuse  every  twenty-four  hours* 

J  The  debris  forms  a  kind  of  clinker,  and  is  removed  from  the 
(Dells  every  two  hours;  this  is  put  into  mills  and  there  mixed 
irith  lime,  is  ground  into  mortar,  w^iich  finds  ready  sale. 

The  heat  from  the  furnaces  is  passed  under  the  boilers,  and 
(drives  the  engine  for  grinding  the  mortar,  after  the  sw^eepings 
re  fully  ignited:  no  additional  fuel  is  required. 

The  sweepings  from  the  markets  and  vegetable  refuse,  is  con- 
iTerted  into  a  carbon,  useful  as  manure,  and  can  be  readily  sold 
l^t  seven  and  a  half  dollars  per  ton* 

It  is  much  to  be  desired^  that  Congress  should  as  early  as  pos- 
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sible,  appoint  proper  commissioners,  with  full  power  to  examine 
and  report  upon  the  rapidly  increasing  pollution  of  rivers,  and 
thereupon  enact  such  restrictive  laws,  as  will  reduce  the  pollutions 
to  a  minimum.  Such  commissions  and  laws  have  been  found 
exceedingly  useful  in  France  and  England.  In  the  latter  par- 
ticularly, manufacturers  have  been  constrained  to  reform  the 
most  reckless  and  outrageous  pollutions,  not  only  without  any 
disadvantage  to  their  business,  but  with  pecuniary  gain:  they 
have  led  to  the  establishment  of  new  industries,  whereby  the 
source  of  pollution  is  actually  made  profitable  to  the  parties  pre- 
viously vitiating  the  stream,  and  to  the  discovery  of  methods  of 
utilizing  the  apparently  useless  matter  formerly  thrown  into  the 
river. 

The  citizens  of  our  city  should  certainly  be  among  the  first  to 
urge  the  attention  of  Congress  to  the  matter,  as  but  little  <»n  be 
expected  from  local  legislation. 

There  has  not  been  any  considerable  increase  in  the  number 
of  new  water  works,  and  those  built  are  mostly  for  the  supply  of 
western  towns.  There  are  now  more  than  six  hundred  works 
in  the  United  States  and  Canada,  of  which  nearly  one-fourth  are 
owned  by  private  companies. 

The  City  of  Baltimore  is  engaged  in  the  construction  of  exten- 
sive works  for  the  introduction  of  the  water  from  the  Great  Gun- 
powder Falls.  The  design  includes  a  large  dam,  two  large  reser- 
voirs and  a  tunnel  of  nearly  seven  miles  in  length ;  these  works 
will  secure  to  Baltimore  a  liberal  supply  not  exceeded  by  any 
other  in  the  country. 

The  manufacture  of  steel  by  the  Bessemer  process,  has  much 
increased,  particularly  in  the  ►States  of  Pennsylvania  and  Illinois. 
It  is  estimated  that  the  product  of  ISSO  has  not  been  less  than 
850,000  tons,  and  that  a  yield  of  more  than  one  and  a  quarter 
millions  of  tons  may  be  expected  during  the  present  year. 

An  important  work  of  the  year,  is  the  substitution  of  a  steel 
truss  for  the  wooden  one  on  the  suspension  bridge  at  Niagara 
Falls,  a  work  which  has  been  accomplished  without,  in  any  way, 
disturbing  the  traffic  over  tlie  bridge. 

Of  the  w^arnings  to  engineers  by  failures,  the  greatest  were  the 
destruction  of  one  span  of  the  St.  Charles  bridge  at  St.  Louis,  and 
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the  Tay  bridge  in  Scotland,  where  thirteen  spans  of  the  bridge 
and  piers  were  destroyed,  and  disappeared  in  the  bed  of  the 
river 

Investigation  by  experts  shows  that  this  hitter  structure  was 
not  only  sadly  defective  in  design,  but  culpably  dehcient  in 
material  and  mechanical  construction. 

The  work  upon  the  Brooklyn  suspension  bridge  has  progressed 
consideralily ;  it  is  a  stnpentlous  work,  and  is  being  carried  on  in 
the  most  careful  and  substantial  manner:  when  finishod,  it  will 
be  one  of  the  great  wonders  of  engineering  skill. 

The  jetties  at  the  mouth  of  the  Mississippi,  have  realized  Capt 
Ead's  most  sanguine  expectations,  and  thus  far  proved  an  entire 
access. 

The  use  of  hydraulic  cement  for  ordinary  building  purposes 
has  much  increased,  as  it  should  do,  its  advantages  over  ordinary 
mortar  being  relatively  the  same,  as  steel  over  iron.  Much  intel- 
hgent  attention  has  been  directed  to  the  devising  and  establish- 
ing such  uniform  methods  of  tests,  as  will  ensure  the  utmost  cer- 
tainty and  most  complete  reliance  upon  it 

The  application  of  electric  ligliting  to  engineering  works  has 
matcj'ially  increased,  and  been  successfully  used  in  many  mines, 
tunnels  and  other  subterranean  works  to  great  advant^ige,  super- 
ieding  the  inconvenient  and  insufficient  {K)rtable  lights  fornjcrlyJ 
used.  Most  of  the  extensive  steel  works  and  rolling  mills  and 
many  of  our  large  faetorieSj  where  abundance  of  power  is  always 
available,  are  now  lighted  by  this  method.  Thus  far  the  *' Brush 
light*'  apfwars  to  have  had  the  most  general  use  in  this  country, 

A  marked  improvement  lias  been  made  in  the  character  of 
brick  work  and  terra  cotta  ornamentation^  whereby  the  use  of  that 
reliable  building  material  for  which  our  city  is  so  celebrated,  has 
been  advantageously  much  extended. 

The  Smithsonian  Museum,  and  the  Government  engraving 
and  printing  department  at  Washington,  are  good  examples  of 
such  brick  w^ork  for  buildings  intended  to  be  as  nearly  fire  proof 
as  fKJSsible. 

Of  local  engineering  Avork,  the  elevated  road  of  the  Penns?ylva- 
nia  Railway  is  the  most  marked;  bringing  the  terminus  of  the 
sad  into  the  heart  of  the  city,  must  prove  of  the  greatest  ad- 
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vantage  to  it.  The  work  is  far  advanced  toward  completion, 
and  is  of  the  most  substantial  character. 

Another  local  work  of  the  utmost  advantage  to  the  city,  re- 
cently brought  to  the  attention  of  the  Club  by  one  of  its  mem- 
bers, is  the  so-called  Range  System  of  light  houses  erected  upon 
the  Delaware  river.  The  importance  of  this  to  our  city  from  the 
increased  safety  and  facility  afforded  in  the  navigation  of  the 
river,  has  not  yet  been  sufficiently  brought  to  public  notice  to  be 
fully  appreciated. 

The  reports  of  the  officers  of  the  Club  give  full  details  of  the 
work  done  by  it,  the  number  of  papers  read  at  its  meetings,  and 
the  success  of  the  convention  called  by  it  at  Harrisburg  to  con- 
sider how  reform  can  be  effected  in  the  methods  of  land  survey- 
ing, with  other  information,  whereby  you  may  judge  of  the 
healthy  condition  of  the  Club. 

It  gives  me  great  pleasure  to  be  able  to  heartily  congratulate 
the  members  of  the  Club  upon  its  success  and  the  favorable  posi- 
tion it  now  holds  in  the  opinion,  not  only  of  kindred  societies  in 
this  country,  but  in  Europe,  where  papers  published  in  its  pro- 
ceedings, have  been  favorably  received,  republished  entire,  or 
very  largely  quoted  from. 

A  member  of  the  Club  now  travelling  in  Europe,  has  found 
his  membership  to  furnish  a  ready  introduction  to,  and  cordial 
reception  from,  engineers  and  public  bodies  from  which  he  has 
desired  and  obtained  information. 

I  sincerely  hope  that  the  members  will  earnestly  strive  to 
maintain  the  high  standing  the  Club  has  attained,  and  continue 
and  increase  their  efforts  to  furnish  materials  for  its  publications, 
the  advantage  of  a  wide  spread  circulation  of  the  papers  they 
may  supply  being  now  assured. 

I  cannot  close  without  thanking  you  all  for  the  courtesy  paid 
me  during  the  time  I  have  had  the  privilege  of  acting  as  your 
President:  although  now  taking  leave  of  you  in  that  capacity, I 
hope  hereafter  to  have  the  pleasure  and  advantage  of  meeting 
you  frequently. 


I 
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Of  Strickland  K.xeass,  President,  on  taking  the  Chair  for  ISSl. 

Rmd  Janmfj  Bih,  1881. 

Gentlemen :^ — Before  assuming  the  chair,  to  which  by  your 
favor  I  iiavo  been  called,  I  take  great  jileusure  in  expressing  my 
high  appreciation  of  the  honor  of  being  thus  selected  to  preside 
at  the  deliberations  of  the  Engineers*  Club  of  Philadelphia. 

I  am  well  assured  of  the  value  of  such  an  association,  particu* 
larly  when  composed  of  and  governed  by  the  younger  and  en- 
thusiastic members  of  the  profession,  for,  to  such  must  we,  whose 
experience  is  of  the  past,  look  for  new  devices,  designs  and  expe- 
dients, whereby  the  work  of  to*day,  in  the  field,  on  construction, 
or  in  the  shop,  may  be  perfonned  in  the  shortest  time  and  in  the 
chea]>est  and  best  manner  You  have  the  enthusiasm  and  am- 
bition of  you  til  to  ypur  you  to  higher  attainments,  and  the  ex- 
perience and  mistakes  of  the  past  from  which  to  derive  great 
profit. 

The  profession  of  the  engineer,  as  applied  to  any  of  the  many 
specialties  into  which  of  late  years  it  has  been  divided,  is  a  manly 
and  hmoraUp  profession,  where  honesty  and  integrity  are  most 
essential  addeudas  to  the  scientific  education  necessary  to  success, 
and  each  jnember,  whether  in  office,  field  or  shop,  is  I  contend, 
in  the  strictest  sense  of  the  term,  a  producer. 

To  the  engineers  we  look  for  improved  highways  for  traffic  or 
travel,  as  well  as  for  the  best  means  for  transporting  thereon 
with  the  greatest  speed  and  safety ;  and  in  devising  and  provid- 
ing t)ie  best  and  cheapest  methods  for  obtaining  and  carrying  to 
market,  the  production  of  the  mines  and  factories,  he  becomes 
the  trusted  auxiliary  of  the  capitalist,  the  manufacturer,  the  man 
of  commerce  and  the  agriculturist,  while  the  merchants  through- 
out our  extended  territory,  whether  in  city,  town  or  village,  are 
indebted  to  him  for  quick  sales  with  small  investment,  which  by 
its  continued  and  rapid  turn,  yields  large  profit,  and,  thi-ough  hia 
efforts,  what  were  once  luxuries  and  enjoyed  but  by  the  few,  have 
become  necessaries,  and  are  carried  to  the  extreme  limit  of  our 
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net  work  of  railroads,  for  the  use  and  enjoyment  of  all,  however 
humble. 

All  this  I  claim  to  be  the  result  of  an  improved  means  of  trans- 
porting persons  and  things  by  railroad  or  by  steamship;  and  the 
improvement  in  machinery,  adapted  to  them  and  to  the  manu- 
facture of  the  infinite  variety  of  goods  and  other  machinery  that 
this  age  of  large  requirements  calls  for,  has  been  attained  by  and 
through  the  indomitable  energy,  perseverance  and  firm  determi- 
nation of  the  engineer  to  overcome  difficulties  as  they  present 
themselves  and  to  supply  wants  so  soon  as  known  and  felt. 

I  know  of  no  reason  why  the  engineers  of  to-day,  should  not 
advance  in  scientific  knowledge,  both  theoretically  and  practically, 
during  the  coming  half  century,  in  the  same,  if  not  in  a  greater 
degree,  than  have  their  predecessors  during  a  similar  period.  We 
have,  therefore,  many  wonderful  things  to  suggest,  investigate  and 
submit  to  practical  tests,  and  it  is  beyond  human  wisdom  to  form 
any  idea  as  to  what  forces  are  yet  to  be  brought  into  subjection, 
or  what — to  us  seemingly  impossible — results  are  yet  to  be  at- 
tained. 

Our  Club  is  but  an  infant  in  years,  only  three  having  elapsed 
since  its  organization,  but  already  it  has  the  proportions  and 
actions  of  developed  manhood  and  is  acknowledged  as  of  the 
fraternity,  by  its  elders.  It  has  grown  from  a  very  small  mem- 
bership to  a  Club  of  one  hundred  and  twenty-five,  with  justifiable 
hopes  for  increased  usefulness  and  influence,  and  it  is  my  desire 
and  shall  be  my  earnest  endeavour  to  assist  to  my  utmost  in  ad- 
vancing the  interests  of  the  Engineers'  Club  at  Philadelphia, 
while  acting  as  its  presiding  officer,  and  to  that  end  I  now  assume 
the  chair,  that  the  Club  may  transact  such  business  as  may  be  in 
order  at  this  time. 


The  writer  of  tliis  piipt*r  hiis  only  seen  tlie  report  of  IL  de 
Lesseps'  sUitcmeiit  boforo  a  Congressional  committee,  yet  he  thinks 
from  that  he  can  convey  to  Philadelphians  some  notion  of  the 
labor  required  to  effect  a  thorough  cut  from  Aspinwall  to  Panama, 

JL  de  Lc*sseps  says  that  the  cut  is  to  he  a  '*  one-iiorse ''  cu(j  i.  e., 
iride  enough  but  for  the  pixssage  of  one  vessel » as  he  Joes  not  deem 
It  advantageous,  in  a  canal  of  this  size,  for  vessels  to  pass  each 
pther,  except  at  re{M^sscs,  M,  de  lA\ssopSMys  he  is  not  an  engineer, 
f^if  that  be  his  opinion  of  a  canal  it  is  easy  to  believe  the  assertion, 
*^-so  he  says  that  a  system  of  jmssing  places,  six  miles  apart,  with 
intt^r-eommnnicBtion  by  telegraph,  is  l)etter  than  a  canal  wid*? 
pnough  for  meeting  and  passing  anywiiere.  Yet  he  objcci^  to 
locks,  AS  a  cause  of  delay.  If  a  passiaig  place  six  miles  fmm 
Iinothcr  passing  place  is  not  its  much  a  cause  of  delay  as  a  lock, 

Ellen  the  common  sense  reBections  of  mankind  are  at  foult  To 
Eiy  that  stopping  at  every  passing  filace  and  telegraphing  "  Is  all 
lear  ahead  l>etween  recess  No.  1  and  No,  2?" — or  "  No.  3  and  4?** 
s  the  case  may  be^  is  not  as  Vmd  as  a  lock  for  each  recess,  is  to 
ignore  the  reflections  of  common  experience*  The  eanal,  then, 
b  to  be,  say  42  miles,  or  so,  long,  66  feet  wide  on  the  bottom, 
which  bottom  is  to  be  30  feet  below  sea  level  at  h»\v  tide^  and 
with  recedes  at  every  six  miles  to  "liold  up  "  in,  supposing  a  ves- 
lel  to  be  approaching  another  in  the  next  reach. 

In  atlditiun,  tliere  must  be  at  one  end,  probably  at  each  end,  of 
tlie  canal  a  tidid  lock  anyway,  for  the  ri?^es  and  falls  of  the  tide 
^ary  very  much  as  between  the  Atlantic  and  the  Pacitic,  and  to 
fcave  the  canal  open  so  as  to  permit  the  ingress  and  egress  of  the 
bde  would  simply  make  it  impracticable.  People  could  form  an 
idea  of  tfiis  trouble  from  the  Bay  of  Fundy,  whicli  has  a  com- 
paratively narrow  opening,  and  at  every  rise  of  the  tide^  unless 
VOL.  n.— 7* 


98  WorraU — The  Panama  Canal  and  the  Irikmtu.      fPnx^  Eog.  Gkib, 

the  utmost  precautions  are  taken,  there  is  much  trouble  abused 
by  the  rush  of  water.  Seven  recesses  and  two  tidal  locks  are 
certainly  equal  to  nine  locks,  and  may  be  equal  to  eighteen  locks, 
which  would  about  equal  the  number  required  for  the  Nicaragua 
route,  according  to  one  report. 

Then  it  seems  the  Chagres  River  is  likely  to  give  trouble,  and 
that  is  to  be  got  rid  of  by  building  a  dam  120  feet  high  and,  at 
least  a  mile  long, — perhaps  more, — for  a  dam  of  that  height  must 
be  at  least  that  long,  to  cost  $18,000,000. 

This,  it  seems,  is  to  be  what  is  called  a  catch-water  reservoir; 
a  big  basin  large  enough  to  hold  a  freshet  or  two  on  the  Chagres, 
for  Chagres  seems  to  be  in  the  way,  and,  as  it  won't  run  by,  like 
the  countryman's  stream  in  ^sop's  fable,  we  must  catch  it  in 
a  basin  to  keep  it  from  running  into  our  cut  and  troubling  us. 
M.  de  Lesseps  says  a  dam  of  that  size  will  store  up  one  billion  cubic 
yards  (metres)  of  water,  which  is  equal  to  about  one  hundred  and 
eighty  or  ninety  billions  of  gallons,  which  reads  in  Arabic  nu- 
merals, 180,000,000,000 — ^a  pretty  numerous  amount. 

Then  we  know,  without  M.  de  Lesseps  telling  us,  that  the  sum- 
mit point  of  the  Panama  Railroad  is  262  feet  in  elevation  above 
low  tide  in  the  ocean,  and  that  being,  probably,  as  low  a  point  as 
is  to  be  found  along  tlie  summit,  we  will  take  it  for  the  depth  of 
the  cut  for  the  canal ;  but  we  must  add  30  feet  for  our  depth 
l)elow  low  water,  which  brings  the  depth  of  Mr.  Lesseps  cut  to 
202  feet,  and  if  we  add  8  feet  for  averages  (the  292  feet  point  being 
the  lowest)  we  shall  not  be  out  of  the  way  in  calling  the  greatest 
cutting  300  feet.  The  problem  then,  in  its -simplicity,  is  a  cut 
which  is  30  feet  deep  to  begin  with  at  the  level  of  the  sea,  and 
tliis  carried  across  a  country  which  is  a  depression  in  the  chain 
of  the  Andes,  tlie  liigliest  point  of  which  is  300  feet  above  our 
base  line  or  270  feet  above  the  sea.  In  this  distance  we  meet  a 
river,  tlie  bed  of  whicli  we  must  cross  by  excavating  the  crossing 
to  a  depth  of  at  least  30  feet  Ijelow  the  surface  of  low  water  in  the 
stream,  and  deeper  than  that  unless  the  tide  reaches  our  crossing 
phice. 

To  get  rid  of  our  river  we  build  a  dam  across  it,  which  holds 
l)ack  its  water  to  the  extent  of  one  hundred  and  eighty  billions  of 
gallons,  and  it  is  presumed  that  when  the  dam  is  filkd  there  is  to 
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be  a  weir  constructed  somewhere  along  its  coast  over  which  the 
down  Hovi'ing  water  of  the  river,  over  and  above  the  stoix^d  one 
hundred  and  eighty  l>jI]ion9  of  gallons,  will  pass  in  some  other 
direction  to  the  sea — ntherwise  tJiere  would  be  no  use  for  the 
dam — at  a  cost  of  $18,000,000.  Tlie  countryman  need  not  wait; 
the  stream  will  not  run  by  him.    There  may  be  a  means  calcu- 

■  l&ted  on  for  emptying  the  basin  in  the  dry  se-ason,  but  this  we 
dan*t  understand  yet.  M,  de  Lesseps  has  only  told  us  of  hia 
$18,000,000  dam. 

I  After  this  water  trouble  is  over  the  cut  goes  on,  running  from 
30  feet  deep  at  each  end  to  300  feet  deep  in  the  middle,  or  at  its 
highest  point,  and  the  length  of  the  cut  is  about  42  miles.  The 
material  to  be  taken  out  must  be  some  form  of  granite  or  other 
primary  or  volcanic  rock.  There  may  be  a  good  deal  of  cutting 
in  earth  and  sjind,  the  detritus  of  tlie  Andes  depression,  but  the 
m^'ority  of  the  material  is  probably  primary  rock,  some  of  the 
very  many  varieties  of  granite*  This  is  our  task  in  the  abstract. 
Let  us  try  to  bring  it  home  to  the  "business  anri  bosoms"  of  Phil* 
adelphians.  There  are  some  Philadetphians  who,  being  entirely 
and  justly  satisfied  with  their  position  on  this  earth  in  that 
beautiful  city,  have  never  left  it,  and  it  is  for  these,  and  some  of  . 
their  relations  who  have  been  away  as  far  as  Lancaster,  that  we 
now  endeavor  to  describe  the  de  Lessepa  canal  as  if  it  were  to  be 
built  nearer  home. 

Commence,  tlien,  at  the  foot  of  Market  street  and  dig  a  pit 
which  shall  be  30  feet  deeper  than  low  tide  and  being  66  feet  wide 
on  the  lK>ttom,  the  pit  will  have  to  be  sloped  at  least  as  far  as  the ' 
face  or  line  of  the  houses  on  each  side  of  the  street.    Keep  on 
with  your  pit  up  Market  street,  the  top  al  ways  at  least  as  wide  as  the 

■  street  from  house  to  house,  and  at  the  bottom  a  canal  whose  sur- 
face is  that  of  low  tide  in  the  Delaware  and  the  deptli  of  the  water  j 
below  this  surface  is  30  feet.     At  Broad  street  the  depth  of  the> 

■  cut  would  be  at  least  60  or  80  feet,  perhaps  more.  We  don^t  re- 
member its  elevation  (about  the  summit  between  the  two  rivers). 
Well,  carry  on  your  cut,  still  up  Market  street,  until  at  last  you 
come  to  the  Schuylkill,  into  which  river,  as  we  all  know,  the 
tide  Imcks  as  far  even  as  Fairmount  dam.  Now  across  the  Schuyl- 
kill we  must  go— only  on  the  Isthmus  the  Schuylkill  \e  ^\^A. 


100  Warrall — The  Panama  Canal  and  the  Igthmus.      [Proc  Eng.  Cloh, 

Chagres — but  across  it  we  must  go,  and  always  at  our  depth,  30 
feet  below  low  tide. 

How  to  get  rid  of  the  Schuylkill  water  ?  We  go  up  stream  and 
at  some  distance  above  Fairmount  we  find  the  banks  approaching 
each  other ;  so  that  a  dam  a  little  higher  than  the  banks  of  Fair- 
mount  reservoir,  costing  $18,000,000,  will  back  up  one  hundred 
and  eighty  billion  gallons  or  so  of  water  in  a  basin  equal  in  area 
to  a  lake  eight  miles  long  by  two  miles  wide  and  sixty  feet  deep. 
That  is  what  a  Yankee  might  call  considerable  water,  yet  it  won't 
exhaust  the  Schuylkill. 

Suppose  two  feet  of  water  to  be  running  over  Fairmount  dam, 
the  one  hundred  and  eighty  billion  gallons  would  be  gone  in  six 
or  eight  weeks,  yet  the  stream  would  continue  to  flow  on  "  for 
ever,"  as  Tennyson  says.  The  Schuylkill  rarely  reaches  even  an 
average  flow  equal  to  that,  but  suppose  the  one  hundred  and 
eighty  billions  took  three  months  to  accumulate  and  store  itself 
above  the  dam,  it  would  bother  you  to  get  your  cut  under  and 
'  across  the  Schuylkill  finished  in  that  time.  So  above  your  dam 
on  the  Schuylkill  you  must  find  some  place  on  the  left  bank 
where  you  can  make  an  extra  weir  for  your  incoming  water  to 
to  flow  over,  and  this  you  must  conduct  to  the  Delaware,  for  you 
cannot  permit  the  Schuylkill  to  run  into  your  pit  after  you  have 
dug  it  across.  This  seems  to  be  the  task  before  Mr.  Lesscps  by 
his  own  description.  To  spend  eighteen  millions  on  a  cakh- 
water  for  the  Chagres  he  must  have  some  such  object  in  view. 
Well,  having  crossed  the  Schuylkill,  you  go  on  in  a  straight  line, 
•producing  Market  street  in  the  form  of  a  Venetian  canal  street, 
cutting  through  everything  that  comes  in  your  way,  meeting 
several  more  smaller  streams  and  getting  rid  of  them  as  best  you 
can.  But  your  business,  averaged  as  has  been  described,  is  to  cut 
a  ditch  42  miles  long,  60  feet  wide  at  the  bottom — "  across  lots"— 
the  deepest  cutting  being  50  per  cent,  deeper  than  Christ  Church 
steeple  in  Philadelphia  is  in  height.  Market  street,  from  the 
Delaware  across  Schuylkill,  cut  down  as  described,  would  not 
more  tlian  meet  a  depth  of  300  feet  in  going  from  the  Delaware 
.to,  let  us  say,  Pennington ville  or  Christiana,  on  the  Pennsylvania 
R.  R.,  where  meeting  a  branch  of  the  Brandywine  or  Octorara, 
supposing  tide  to  back  up  that  far,  the  cut  would  be  30  feet  below 
the  water  in  that  stream. 
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To  those  few  good  Philadelpluans  who  have  been  that  far  **over 
Schuylkill/'  the  above  conveys  au  idea  of  what  M  dc  Lesseps  pro- 
pt)scs,  the  cut  being  only  wide  enough  for  one  vessel ..  lie  says 
it  is  not  even  desirable  that  vessels?  f^hould  be  able  to  pass  each 
other  poMUK/  in  such  a  canal  as  this;  though  why  we  cannot 
conceive.  He  therefore  haa  passing  recesses  at  every  six  miles.  He 
says  tills  thing  can  bo  done  for  a  hundred  and  sixty-eight  millions 
of  dollaiu  Money  will  do  a  great  deal,  but  the  aljove  is  consid- 
erable of  a  job.  The  Nicaragua  route  can  be  built,  and  a  trad 
capacity  of  20,000,000  tons  per  annum  guaranteed,  for  the  odd 
sixty-eight  millions,  it  is  so  reputed.  Indeed,  a  canal  with 
locks,  by  the  Panama  route,  can  be  done  for  that  or  even  les?. 
But  a  thorough  cut  can  be  built  for  money.  Yes,  but  how  much? 
No  engineer  can  estimate  it,  and  it  ought  not  to  be  commenced 
unless  it^  |)rojectors  can  see  where  they  can  get  $300,000,000.  No 
man  who  knows  what  this  kind  of  work  is  will  undertake  and 
guarantee  to  make  a  useful  canal  a  ^livrau  across  the  Isthmus  for 
less.  As  for  comparing  it  with  Sue/J  llidiculous !  The  cut  behind 
Chicago,  leading  Lake  Michigan  water  to  the  Misaissijypi,  was  as 
difficult  as  Suez — quite  as  difficult  for  its  length;  only  one-fourth 
its  length,  however,  and  not  quite  so  deep,  probably  not  so  deep 
by  five  feet.  The  American  work  was  25  feet  deep  below  water, 
It  is  entirely  possible  that  quicksand  will  be  found  soniewlien 
between  the  two  oceans.  If  it  be,  it  will  add  an  indefinite  figure 
to  the  cost,  and  may  render  the  cut  almost  impossi1>!c.  The 
Chesapeake  and  Delaware  canal  met  quicksand,  and  after  that 
liquid  substance  had  caused  the  fourteen  miles  to  cost  many 
hundreds  of  thousands  of  dollars,  the  engineers  gave  in,  admit- 
ting  themselves  beaten,  and  had  to  lock  over  the  quicksand. 

And  now  the  Government  is  ttdking  about  a  canal  a  mvenu 
across  the  Delaware  peninsula,  which,  if  quicksand  intervenes  in 
any  considerable  quantity,  w'ill  be  indefinitely  postponed. 

Indeed  it  is  questionable  whctlier  a  canal  a  itiveau  could  be  cut 
from  tlie  Schuylkill  to  the  Delaware  at  Philadelphia,  quicksand 
being  known  to  exist  in  the  tongue  of  land  dividing  them* 

As  for  Monroe  doctrine,  and  all  that,  the  continent  of  Europe 
is  not  sufficiently  interested  in  this  cut,  now  the  Suez  is  done,  to 
give  anybody  trouble  about  it.    The  iaternational  polity  to  be 
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consulted  on  this  subject  is  in  reference  to  the  Central  American 
nation,  through  whose  territory  the  work  is  to  pass,  and  the 
United  States.  The  rest  do  not  care  enough  now  and  will  never 
care  enough  about  it  to  go  to  war.  The  question  is  wholly  Ame- 
rican and  can  easily  be  settled. 

Since  the  Suez  canal  has  been  cut  there  is  no  nation  in  Europe 
that  would  not  rather  go  by  that  route  to  the  East  Indies  than  take 
the  American  Isthmus  route,  if  completed.  See  map  of  the  world. 

The  trade  to  the  west  coast  of  South  America  is  the  only  trade 
which  the  American  Isthmus  route  would  really  benefit  in  respect 
to  the  nations  of  Europe.  Look  at  it.  All  the  commercial  nations 
of  Europe,  including  Russia,  have  fronts  on  the  Mediterranean 
Seas  except  England,  Germany,  Holland,  Denmark  and  Sweden. 
What  do  they  want  then  of  the  American  Isthmus  canal? 
England  says  she  does  not  want  it  because  Suez  is  a  shorter  route 
to  her,  and  if  this  be  true  in  respect  to  her  it  is  equally  so  with 
respect  to  the  Baltic  nations  mentioned.  Whilst,  as  has  been  said, 
all  the  other  nations  have  fronts  on  the  Mediterranean,  and  the 
trade  of  the  west  coast  of  South  America  is  not  important 
enough  to  cause  jealousy  between  nations,  it  surely  is  not  of 
sufficient  importance  for  a  casm  belli.  If  the  Suez  route  to  India 
suits  England  then  it  suits  the  Baltic  nations,  and  all  the  rest  hav- 
ing fronts  on  the  Mediterranean  must  prefer  theSuez  route,  except  as 
regards  the  trade  mentioned  with  the  west  coast  of  South  America, 
M.  de  Lesseps  will  get  but  a  small  subsidy  from  Europe,  if  she 
knows  Jierself.  He  must  depend  mainly  upon  this  country  to 
build  a  canal,  for  this  country  is  more  interested  than  all  the 
other  countries  put  together.  What  effect  his  blandishments  may 
have  on  private  capital  can  not  be  foreseen. 

Now  let  us  look  at  the  routes.  For  locality,  direction,  conveni- 
ence, etc.,  the  Tehuantepec  stands  first.  It  is  at  the  point  almost 
exactly  where  the  Isthmus  ought  to  be  crossed,  provided  it  was 
as  easy  to  cross  it  at  one  point  as  at  another,  or  as  at  any  other. 
Its  direction  suits  best  for  every  trade  save  that  to  the  west  coast 
of  South  America,  and  it  is  not  very  much  out  of  the  way  even 
for  that,  if  you  average  the  points  from  which  that  trade  origi- 
nates on  the  North  American  continent. 

A  vast  proportion  of  the  traffic  with  the  United  States  must 
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originate  in  the  Mississippi  valley,  and  Tehuantopec  suits  that 
better  than  aiiy  other  route.  The  same  may  be  said  of  the  traffic 
H'ith  the  Gulf  states  and  the  west  coast  of  South  America.  It 
is  only  the  states  north  of  Florida  who  might  be  expected  to 
prefer  the  Panama  location  as  an  avenue  to  accommodate  that 
trade*  All  the  rest  would  be  as  well  accommodated  in  respect  to 
it,  by  either  the  Tehuantepec  or  the  Nicaragua  route* 

Tehuantepec  then  is  worthy  of  consideration;  but  there  is 
against  it  soma  600  feet  of  elevatiom,  which  will  require,  at  least, 
120  locksj  although  as  an  inland  water  route  it  is  not  longer  than 
the  Nicaragua,  or  say  ISO  miles.  The  Nicaragua  route  involves 
lome  130  feet  of  elevation,  or  26  locks,  its  length  being  ISO  miles, 
a  large  part  of  w^hich  is  lake  navigation.  They  pretend  to  Bay 
that  there  is  less  elevation  than  the  130  feet,  but  this  involves  the 
iiecessity  of  a  dredged  channel  in  the  lake,  which  may  be  set 
down  as  impracticable.  If  you  want  depth  in  Nicaragua  lake 
you  must  add  it  at  the  top,  not  at  the  bottom. 

Think  of  dredging  the  Chicago  roads  to  30  feet,  for  instance ; 
or  the  Cleveland,  or  the  Detroit,  or  the  BuflPalo  roads.  It  can't  be 
done;  the  Nicaragua  lockage  qan't  be  reduced;  it  is  then  at  least 
130  feet.  And  now  as  to  Panama.  From  what  has  been  said  a 
eanal  a  imeau  is  impracticable.  You  must  rise  out  of  the  sea  on 
both  sides  by  lockage,  incurring  at  least  CO  feet  on  each  side,  or 
liay  12  locks.  The  length  of  the  Panama  route  then  will  be,  say, 
40  to  45  miles,  with  12  locks. 

But  for  the  East  India  trade  from  the  Mississippi  valley  and 
the  Gulf  states  the  Panama  route  will  give  yoUj  at  the  least,  1000 
miles  of  extra  ocean  distance,  saving  distance  only  in  the  trade 
with  the  west  coast  of  South  America, 

If  there  is  to  be  but  one  route  made,  this  ought  to  throw  Panama 

iut»  whilst  if  there  is  to  be  but  one  route,  Nicaragua  would  be  the 

of  the  threCj  as  it  averages  uuproli table  sea  navigation  and 

,ve3  much  lockage,  whilst  it  is  not  so  expensive  as  Tehuant^^pec 
would  l*e,  although  it  might  cost  a  little  more  than  Panama  might, 
with  12  locks. 

Other  routes  have  been  talked  of,  but  they  all  have  impractica- 
bilities enough  to  tlirow  them  out. 

Now  then,  let  us  make  a  rough  estimatei^ — ^from  description 
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rather  than  measurement,  the  canal  to  be  150  feet  wide  on  bot- 
tom so  that  vessels  can  always  pass  each  other;  turn-outs  are 
clumsy  and  impracticable. 

Tehuantepec. 

180  miles  of  canal  at  ?150,000  per  mile,        $27,000,000 
120  locks  at  $500,000  per  lock,  60,000,000 

Improvements  of  harbors  at  both  ends,  say      5,000,000 
Miscellaneous  work,  reservoirs,  weirs,  etc.,  say  10,000,000 


$102,000,000 
Contingencies  ten  per  cent.,  10,200,000 


$112,200,000 
Nicaragua. — The  estimates  of  the  parties  interested  flutter 
around  $70,000,000,  but  they  had  better  say  $90,000,000  or  even 
$100,000,000. 

Panama  (raised  above  sea  level). 

*10  miles  of  canal  at  $500,000  -  -  $5,000,000 

32  miles  of  canal  at  $200,000,  -  -  6,400,000 

12  locks  at  §500,000,     -            -  -  6,000,000 

1  aqueduct  over  Chagres,       -  -  10,000,000 

Reservoirs,  etc.,             -             -  -  10,000,000 

Harl)oi^,            ....  5,000,000 

Weirs  and  other  works,             -  -  5,000,000 


$47,400,000 
Contingencies,  10  per  cent.,      -  -  4,740,000 


$52,140/)00 

As  for  a  canal  a  niveau  it  is  impossible  to  estimate  its  cost. 
M.  de  Lesseps  estimates  it  at  ?1 08,000,000,  which  is  less  than  half 
what  my  estimate  would  be.  If  tliere  be  quicksand,  I  would  not 
try  to  estimate  its  cost. 

Now  in  conclusion,  if  all  things  were  ofjual,  Tehuantepec  stands 
No.  1 ;  Nicaragua,  No.  2;  Panama,  as  above,  No.  3;  but  as  they 


*  This  is  verv  low. 
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ire  not,  I  should  prefer  Nie«ragua,  leaving  Teh  nan  tepee  and 
'nnania  to  take  care  of  themselves;  perhaps  they  would  hoth 
mild  in  the  end,  Panama  with  locks  always — ^say  six  on  each 
ide. 

There  remains  Captain  Eads'  plan.  Ships  are  built  w^ith  the 
Speetation  of  being  'preserved  from  disintegration  to  a  great 
legree  by  a  surrounding  pressure  from  without.  Withdraw  that 
jnA-si^ure,  wliieh  is  equal  and  universal  round  the  body  of  the 
hip»  and  slie  bilges,  if  loaded,  in  spite  of  all  you  can  do^  especially 
f  you  subjci't  her  to  a  jaunt  on  a  rail-way^  I  don^t  oare  how  smooth 
>e  the  rails.  My  prejudice  then  against  Captain  Eads'  dry  me- 
lod  of  taking  ships  over  is  simply  irresistible,  aod  I  drop  it  as 
mpraeti cable  and  not  to  be  estimated.  Nine-tenths  of  the  ships 
ost  and  never  heard  of  again,  are  so  lost  from  falling  to  pieces,  as 

were;  a  large  portion  of  their  bodies  being  tossed  out  of  the 
titer,  in  great  storms,  whereby  the  hydraulic  pressure  is  vi^ith- 
rawn  from  their  sides, and  they  bilge  or  "hog/*  as  the  sailors  say. 

fill  of  which  is  respectfully  submitted. 


VIII. 


STRENGTH  OF  WROUGHT  IRON  COLUMNS. 

B/  Thomas  H.  Cl.eemann^  Member  of  the  Club, 
Bend  Janmiy  15fA,  1881. 

A  VERY  sue  JIT  consideration  of  the  proper  form  of  a  eolumn 
sustain  a  weight  seems  to  show  that  the  hollow  cylinder  is  the 
Ironge^t  form;  and  that  it  will  be  the  stronger  with  a  given 
antity  of  material  as  the  diameter  is  increased ,  until  it  becomes 
thin  that  it  fails  by  "buckling/*  as  distinguished  from  bending 
md  crushing.  Unfortunately,  however,  it  is  impossible  to  **roir* 
complete  circular  wrought  iron  column,  and  when  this  material 
used  the  eolumn  is  either  "built  up"  of  several  pieces,  or 
elded.    The  uncertainty  of  the  strength,  and  the  difficulty  of 
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execution,  restrict  the  latter  process  to  columns  of  very  stn&U 
size.  The  pieces  which  form  the  larger  columns  are  connwted 
together  so  as  to  be  as  far  from  the  axis  aa  possible,  and  al^  sj 
that  they  shall  act  as  though  all  of  one  piece. 

Their  strength  is  usually  calculated  from  the  following  formula 
of  Rankine  (for  columns  fixed  at  the  ends): 

fS 


P  = 


in  which  P  is  the  breaking  load,  S  is  the  crosS'Section,  I  k  the 
length,  r  is  the  least  radius  of  gyration,  and  /  and  a  are  mi  lo 
be  constants.  In  applying  the  formula  to  experiments  on  ^xe- 
ral  diflFerent  ordinary  sections  used  by  American  manufactiireH* 
these  seemed  not  to  be  constant,  and  Mr.  C  Shale  r  Smith  dis- 
covered values  for  them  when  r  is  expressed  in  terms  of  the  least 
diameter,  which  would  suit  several  sections.  These  are  given  is 
the  new  edition  of  Trautwine's  "  Pocket  Book,"  and  tables  calcu- 
lated from  them  have  recently  appeared  in  the  "Transactions  of 
the  American  Society  of  Civil  Engineers," 

If,  however,  we  examine  the  formula  critically,  wo  see  that /is  ^ 
the  limit  of  the  breaking  strain  per  square  inch  as  I  decreases  to 
zero.  It  should  then  be  constant  for  the  same  material  for  all 
shapes.  At  first  it  seems,  from  Rankine's  theoretical  deduction, 
in  his  "Applied  Mechanics,"  that  a  should  likewise  be  constant 
for  all  shapes,  as  he  assumes.  It  appears  probable,  however,  that 
his  statement,  that  the  greatest  deflection  consistent  with  safety 
is  proportional  to  the  square  of  the  length,  and  inversely  to  the 
square  of  the  least  radius  of  gyration,  is  not  sufficient,  but  that 
there  should  likewise  be  included  the  least  diameter. 

That  the  term  for  the  least  diameter  is  not  included  in  the 
least  radius  of  gyration,  is  shown  by  the  following  example : 


li 


-iO  L 


We  have  here  two  sections  of  the  same  area  (44),  and  with  the 
same  least  radius  of  gyration  (1/20I),  which  would,  therefore,  have 
the  same  strength  by. the  formula,  while  it  is  obvious  that  the 
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square  section  is  the  weaker  of  the  two,  having  a  smaller  dianieterj 
a  smaller  thickness  and  a  weaker  &hape»  In  fact,  if  the  columns 
were  8  feet  long,  the  strength  of  the  circular  section  would  jjro- 
bahly  be,  to  that  of  the  square  section,  about  as  4  to  3, 

The  experiments  mad©  for  tlie  Cincinnati  Southern  R.  R.,  de- 
tailed in  Mr.  Lovett's  Report,  seem  to  show  likewise,  in  one  place, 
that  the  strength  depends,  not  only  on  the  least  radius  of  g3"ra- 
tion,  but  also  on  the  least  diameter-  For,  in  an  experiment  on  a 
column  of  the  American  Bridge  Ca,  although  the  square  of  the 
least  radius  of  gyration  was  8,635  and  the  column  was  10  inclie^ 
wide  in  the  same  direction,  yet  it  broke  in  the  other  diameter, 
which  was  only  9J  inches,  bat  in  which  the  square  of  the  radius 
of  gj^ration  was  13,5L 

By  accurately  calculating  the  values  of  r*  for  such  sections  |l8 
have  been  experimented  upon  and  publishedj  and  which  were 
accessible  to  the  writer,  though  it  is  regretted  they  were  so  meagre, 
the  value  of  a  has  been  found  to  vary  considerably;  as  is  shown 
by  the  following  table.  The  method  of  constructing  this  was  as 
follows; 

The  least  radius  of  gyration  was  calculated  for  each  section, 
and  substituted  with  the  other  known  quantities  in  Hankine'a 
formula,  regarding  /  and  a  as  unknown  quantities.  From  the 
several  equations  of  condition  thus  formed,  the  most  probable 
values  were  found  by  the  method  of  least  squares.  The  results 
are  shown  in  the  table.  The  values  of/  do  not  vary  more  than 
fas  to  be  expected,  on  account  of  the  irregularities  which  always 

cur  in  manufactured  iron,  and  it  may  he  considered  that  Ran- 
kine*s  value  of  36,000  is  sufficiently  accurate.  The  values  of  a, 
however,  are  seen  to  differ  widely.  It  should,  perhaps,  be  con- 
stant for  the  same  shape,  and  the  writer  would  have  l)een  glad  to 
have  found  its  value  for  other  shapes  than  those  given.  It  will 
be  regarded  as  a  favor  if  some  of  those  gentlemen  who  have  bro- 
ken columns  of  various  sections  will  transmit  an  accurate  record 
of  the  resultSj  with  a  cross-section  on  which  the  dimensions  are 
figured.  It  is  also  hoped  that  sufficient  attention  has  been  called 
to  the  subject  to  induce  those  having  the  means,  to  make  experi* 
ments  on  various  sections.  A  few  judicious  experiments  on  each 
form — say  five  or  six — would  probably  be  sufficient  to  determine 
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a,  if  it  is  constant  for  the  same  shape.    If  any  member  of  the^ 
will  furnish  the  data  of  experiments,  the  writer  will  be  gl 
discuss  them.    He  thinks  that  a  may  perhaps  be  found  to  be 
function  of  the  least  diameter,  or  of  the  length  divided  b; 
least  diameter.     If  this  were  the  case,  a  general  formula  coul 
constructed  for  all  shapes,  which  would  be  what  Rankine's 
fesses  to  be,  the  constants  only  varying  with  the  material, 
present,  however,  the  experiments  on  various  forms  are  not  s 
ciently  numerous  to  decide  this. 

Other  things  being  equal,  that  column  will  be  the  strongei 
which  a  is  least,  and  this  would  point  to  the  Phoenix  Iron 
column  as  being  the  strongest  form  of  those  noted  below.  F 
/  were  made  equal  to  39501  in  the  first  equation  of  condition 
rived  from  the  experiments,  representing  the  relations  betv 
/  and  a  for  the  sections  Nos.  5  and  6,  a  would  equal  tjIx^ 
44}^9  respectively,  while  the  table  gives  its  value  for  the  Pho 
Iron  Co.'s  section.  No.  4,  at  g^irff- 

The  last  three  cases  in  the  table  are  given  merely  to  satisf 
some  extent,  the  curiosity  to  know  the  value  of  a  for  ( 
shapes.  As  only  one  experiment  was  recorded  in  each  case, 
little  importance  can  be  attached  to  them,  and  the  value  of  / 
to  be  assumed  to  obtain  a.  The  one  noted  in  Fairbairn's  l 
seems  to  have  given  way  by  *' buckling,"  and  so  does  not  prop 
come  within  the  scope  of  the  formula. 


IX. 


PROGRESS  OF  THE  SECOND  GEOLOGICAL  SURVEY  ( 
PENNSYLVANIA. 

By  CiiAS.  A.  Ash  BURNER,  Member  of  tlie  Club. 
Bead  January  15M,  1881. 

The  Second  Geological  Survey  of  Pennsylvania  has  beci 
progress  since  June,  1874.  It  is  now  within  three  years  (nioi 
less)  of  its  completion.     The  work  has  been  so  extensive,  th( 
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suits  have  been  so  valuable  and  numerous,  in  comparison  with 
the  amount  of  money  expended  by  the  State^  that  a  brief  sum- 

'  mary  of  tlie  general  method  of  work,  together  with  a  statement 
of  some  of  the  results  accomplished,  may  prove  of  interest  to  the 
Engineers*  Club  of  Philadelphia. 

:  In  antieipation  of  further  approjiriations  being  made  by  the 
State  Legislature  to  continue  tlie  work  of  the  Survey,  I  w^as  re- 
quested by  Prof.  Lesley  to  address  a  letter  to  one  of  the  prominent 
representatives  in  the  anthracite  region,  stating  the  progress  of 
the  work.  The  following  contribution  to  the  Transactions  of  the 
Club  contains  in  substjance  the  facts  to  be  found  in  my  letter,  hi 
the  preparation  of  which  I  was  assisted  by  Prof  Lesley. 

During  the  six  years  and  a  half  it  has  been  in  progress,  forty- 
two  counties  have  been  surveyed  in  full,  eighteen  surveyed  in 
part,  and  only  seven  remain  entirely  untouched.  During  this 
time  twenty-eight  county  reports  have  been  published,  besides 
sixteen  special  reports,  while  thirteen  of  the  former  and  three  of 
the  latter  are  now  in  preimration-  Of  course,  as  county  lines  are 
not  often  boundaries  of  geological  formations,  it  has  been  impos- 
sible to  adhere  to  them  in  all  cases.  Sometimes  a  county  has 
l>een  divided,  somethnes  two  or  more  counties  have  been  united 

!  in  one  report;  but  as  far  as  possible  the  descriptions  of  under- 
ground formations  have  been  made  to  follow^  familiar  surface 
lines.  The  work  ah^eady  finished,  or  nearly  sOt  covers  the  coun- 
ties west  of  the  Alleghenies  and  those  on  the  nortliern  border  of 
the  State-  The  southern  border  is  also  completetl,  with  the  ex* 
ception  of  Bedford  and  Fulton  in  the  middle,  and  Delaware  and 
Philadelphia  in  the  east;  but  the  whole  of  tlie  eastern  border  and 
some  of  the  central  counties  remain  unfinished,  and  the  important 
anthracite  region  is  scarcely  touched. 

I  am  informed  that  the  delay  in  commencing  the  survey  of  the 
anthracite  coal  fields  was  due  to  no  want  of  interest  in  it  on  the 
part  of  the  Board  of  Commissioners,  but  to  the  large  extent  of 
country  in  otlier  parts  of  the  State  about  which  little  was  known; 
the  thorough  manner  in  which  these  parts  had  to  be  surveyed; 
the  impossibility  of  keeping  more  than  a  certain  number  of 
geologists  at  one  time  in  the  field;  the  difficult,  slow  and  costly 
instrumental  work  imperatively  called  for  in  certain  districts,  be- 
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fore  their  geological  structure  could  be  studied,  much  less  de* 
scribed ; — and  lastly,  the  fact  that  an  immense  mass  of  civil  and 
mining  engineering  work  was  beihg  done  in  the  anthracite  basmi ' 
which  was  all  promised  to  the  survey  as  soon  as  it  was  got  im 
a  condition  for  geological  use. 

By  this  arrangement  there  has  been  no  loss  of  time  and  a  grefil 
saving  of  money.  The  annual  appropriations  to  the  Geologic^ 
Survey  have  been  very  moderate  ones,  and  close  economy  had 
been  necessary  to  make  them  suflSce, 

The  field  work  of  the  survey  begins  about  the  firat  of  ^fay,  mi 
the  office  work  about  the  first  of  November;  arxd  it  is  with  gmx 
difficulty  that  the  tasks  assigned  to  the  different  merabei^  of  the 
geological  corps  are  fulfilled.  Voluntary  aid  is  of  the  greatest 
value  and  it  has  been  freely  tendered  and  tliank  fully  aeknow* 
lodged.  But  the  greatest  amount  of  it,  and  of  the  best  kind,  \m 
been  bestowed  in  the  shape  of  notes,  maps  and  sections  con* 
structed  and  compiled  by  the  resident  mine  owners,  snperiutcnJ- 
ente  and  engineers  in  the  anthracite  regions. 

The  money  value  of  these  data  to  the  Slate  is  very  great,  and  jt 
would  have  been  a  waste  of  the  annual  appropriations  for  the 
survey  to  have  done  such  work  over  again.  Tliere  were  plenty 
of  uses  for  the  money  thus  saved.  Very  few  people  can  know 
how  many  kinds  of  work  are  indispcnsibly  necessary  for  a  great 
survey,  and  how  carefully  and  systematically  all  its  work  must 
be  prosecuted,  if  it  is  to  be  of  any  real  or  permanent  value  to  the 
Commonwealth.     I  will  give  an  idea  of  the  general  method. 

First  of  all  comes  the  personal  survey  of  each  county  by  a  visit 
to  each  mine.  On  the  basis  of  information  thus  gained  the  out^ 
cropping  rocks  must  be  followed,  wherever  they  show  themselves, 
and  their  topography  studied.  Base  lines  must  be  run,  and  from 
these  base  lines  the  barometric  elevation  of  hundreds  of  points 
must  be  determined.  Thus  good  geological  maps  can  be  obtained, 
and  the  belts  of  out-cropping  rocks  colored  separately.  Cross 
sections  are  then  calculated  and  drawn,  and  the  thickness  of  the 
formations  established.  From  these  data  it  then  becomes  kno\\Ti 
how  deep  beneath  the  surface  at  any  point  any  mineral  bed  lies. 

In  parts  of  the  State  where  out-crops  along  streams  are  numer- 
ous, we  can  start  on  this  work  from  the  ordinary  township  and 
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ounty  maps,  which  are  iisoally  good  enough  for  our  purpose, 

here  the  rocks  do  not  show  themselves  often  or  satisfactorily, 

e  are  obliged  to  go  through  the  slow  and  tedious  labor  of  a  regu- 

r  topographical  survey,  so  that  tlie  features  of  the  surface  may 

accurately  portrayed  on  a  map  of  large  scale,  every  ridge  in- 

icatiug  some  concealed  rib  of  rock ;  and  so  by  locating  accurately 

[€verj'  exffosure  and  showing  the  direction  of  the  strike  of  the 

rock^  aijil  the  streugth  of  their  dip,  the  whole  geology  of  the 

nderground  gradually  makes  itself  known. 

An   anthracite  coal  laud  surveyor  will  compreliend  what  I 

ean  without  further  explanation. 

This  class  of  work  is  absolutely  necessary  in  a  limestone  region 
containing  iron  ore  deposits,  Mr  R.  H.  Sanders  has  made  a  large 
and  very  perfect  map  of  the  region  of  the  Upper  Juniata  for  forty 
lies  around  Hollidaysburg;  others,  by  Mr,  Chas,  E.  Billin,  Mr, 
H.  Martyn  Chance,  and  myself,  have  been  constructed  in  Hun- 
tingdon, Mifflin,  Center,  Clinton  and  Snyder  counties,  and  several 
in  the  bituminous  coal  region. 

One  of  the  most  costly  and  tedious  pieces  of  work  of  this  kind 

been  the  instrumental  mapping  of  the  whole  of  the  South 

ntain,  by  Mr.  A,  E.  Lehman,  from  Dillsburg,  in  York  county, 

Monterey  and  Waynesburg  on  the  Maryland  Hnej  but  it  is 

only  two-thirds  doncj  and  will  require  a  3^ear  and  a  half  more 

of  field  work  with  a  camping  party  in  the  woods. 

The  same  party  is  surveying  a  limestone  and  ore  belt  from  the 
'summit  of  the  South  Mountain  down  to  Papertown  Gap  (Mt 
Holly  Springs)  and  extending  the  survey  thence  along  the  South 
I    Mountain  Railroad  towards  the  Susquehanna,    The  South  Moun- 
Atain  haB  also  been  studied  near  Reading,  and  some  valuable 
^bnilt^  obtained.     Some  other  field  work  has  been  done  near 
^HBkding^  as  well  as  a  *' correctional  survey'*  of  the  Pocono  Moun- 
tain mass  south  of  Wiconisco,  on  the  borders  of  the  Lykens- valley 
coal  district. 
L     The  whole  limestone  valley  from  the  Delaware  at  and  above 
HEaston,  to  the  Schuylkill  at  and  above  Reading,  has  been  topo- 
graphically mapped  and  every  iron  ore  deposit  located- 

Large  maps,  showing  the  dip  and  strike  at  every  exposure  of 
limestone  or  slate,  have  been  made  by  Mr.  Sanders,  of  the  whole 
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of  the  great  valley,  embracing  parts  of  Franklin,  CumWland, 
Dauphin,  Lebanon  and  Berks  counties;  and  it  is  intended  next 
year,  I  understand,  to  continue  this  work  along  the  slate  bdt 
through  Lehigh  and  Northampton  counties  all  the  way  to  tk 
Water  Gap. 

A  similar  instrumental  map  has  been  made  by  Mr.  E  V. 
dlnvilliers  of  nearly  all  of  the  mountain  country  from  Reading 
to  Easton ;  there  remains  only  one  year's  work  to  be  done  to 
complete  this. 

Another  large  map  has  been  made  of  the  region  between  Nor- 
ristown,  Philadelphia  and  Trenton. 

These  maps  are  not  intended  for  geographical,  but  for  geological 
purposes.  It  is  impossible  in  such  regions  to  get  any  clear  and 
useful  knowledge  of  the  underground,  except  in  connection  with 
and  under  the  guidance  of  the  surface  features;  and  these  surface 
features  cannot  teach  anything  but  error  if  they  are  not  accuratdy 
portrayed. .  Hence  the  labor  which  good  geologists  bestow  oa 
their  instrumental,  topographical  field  work. 

One  of  the  ihost  valuable  results  of  the  season's  work  is  a  third  i 
report  on  the  oil  regions,  with  maps  and  illustrations,  prepared  ^ 
with  infinite  pains  by  Mr.  John  F.  Carll. 

A  special  re})ort,  which  promises  to  be  of  great  importance,  has 
been  prepared  by  Mr.  Franklin  Piatt  on  the  subject  of  the  waste 
ill  anthracite  mining.  This  report  is  now  going  through  the 
press  and  will  be  laid  before  the  Legislature  at  an  early  day, 
having  been  prepared  in  response  to  a  call  by  that  body  for  such 
a  report.  It  will  be  supplemented  by  my  underground  contour 
line  maj),  showing  the  topography  of  the  floor  of  the  Mammoth 
coal  bed  in  the  vicinity  of  Shenandoah  and  Mahanoy  City. 

The  next  great  business  of  the  survey  has  been  the  analysis  of 
its  coals,  clays,  limestones  and  ores,  and  to  these  should  be  added 
analyses  of  its  mineral  waters  and  soils,  the  latter  by  Dr.  Geiith. 

The  analysis  is  all  the  time  going  on,  summer  and  winter,  in 
the  laboratory  at  Harrisburg,  under  Mr.  A.  S.  McCreath,  and  the 
results  are  included  in  the  county  reports  as  fast  as  they  are  pub- 
lished. 

Another  necessary  part  of  the  business  of  the  survey  is  con- 
ducted in  its  museum  of  specimens,  rocks,  minerals  and  fossils, 
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which  have  to  be  arrangeil,  lahelknl,  eatalogupd,  and  compared 
with  liach  other;  and  in  the  muBeum,  moiiels  of  diflicull  pieces  of 
geology  in  various  parts  of  the  Stale  have  been  coustruetcd  and 
'colarecl,  to  show  the  structure  beneath  the  surface,  and  the  ar- 
rangement and  position  of  the  strata.  I  need  not  go  further  in 
til  is  brief  d^eriptioo  of  what  the  Geological  Survey  ha^  been 
about  since  1H74;  and  I  think  you  will  appreciate  tlie  majxnitude, 
variety  and  necessity  of  its  ditterent  employmont^  enough,  to  see 
that  it  has  a  right  to  be  looked  upon  as  a  success,  having  covered 
more  than  two-thirds  of  the  State  in  a  sati^ffactory  way,  and  re- 
tjuiring  two  years  or  two  years  and  a  half  more  to  finish  the  re- 
niiinder.  Any  citizen  of  the  Stats  can  s?8  for  himself  exactly 
how  much  has  been  done,  and  how  well  or  ill  it  has  been  done, 
by  getting  from  the  ofHce  in  Harrisburg,  or  from  his  Representa- 
tive or  Senator,  the  volumes  of  reports  of  progress  already  ]mb- 

ghed;  all  of  them  illustrated  by  mwp^  and  sections. 

The  annual  report  of  the  B^ard  to  the  Legislature  will  be  pre- 
sentt'd  at  tlie  opening  of  the  session,  and  will  give  an  exact 
statement.  As  to  the  anthradte  survey,  it  will  be  very  costly 
and  tedious.  Underground  maps  of  the  worked  coal  be<ls  must 
be  made  on  a  scale  of  at  least  800  feet  to  the  inch  to  guide  the 
mining  engineer. 

SovHions  must  be  drawn  to  show  the  structure.  Some  field 
work  will  1>e  reipiired  bdwem.  such  properties  as  give  us  materials, 
becau.^e,  when  we  cannot  get  data  from  others,  we  must  get  them 
ourselves. 

Very  little  verbal  description  will  be  published,  because  the 
maps  and  sections  are  the  main  things,  and  will  furnish  to  miners 
and  surveyors  exactly  what  they  can  use. 

It  is  not  booh,  but  atlases  that  are  required.  But  there  will 
also  be  complete  figures  made  of  every  kind  of  arrangetnent  and 
machinery  employed  in  mining  and  carrying  anthracite,  so  that 
the  miners  and  engineers  of  one  colliery  can  see  what  are  the 
methods  employed  in  all  the  other  collieries. 

The  area  included  in  this  season*s  explorations  was  about 
fifteen  square  miles  of  the  district  lying  about  Witkeslmrre,  and 
about  twenty  square  miles  lying  in  the  Mahanoy  District,  in 
which  Mahanoy  City,  Shenandoah  and  Gilberton  are  located;  a 
VOL.  II.— s.    ■ 
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district  which  contains  some  of  the  richest  coal  land  in  the  world, 
some  of  it  belonging  to  the  Philadelphia  and  Reading  Coal  and 
Iron  Company,  some  of  it  to  the  City  of  Philadelphia  (Girard  i 
Estate),  and  some  to  private  owners.  It  has  a  large  number  of 
collieries  on  it,  and  the  first  work  was  to  secure  maps  of  the  un- 
derground workings  of  these  collieries,  which,  together  with  the 
engineers'  data,  were  always  cheerfully  furnished,  and  from  them 
to  plot  a  connected  map  of  the  district,  so  far  as  could  be  done; 
the  blank  spaces  to  be  filled  up  afterward  by  the  work  of  the 
survey.  In  this  way  a  large  amount  of  valuable  material  was 
made  immediately  available. 

Briefly  stated,  the  following  are  the  points,  bearing  directly  on 
the  location  of  the  coal,  which  the  survey  undertakes  to  determine: 

1.  The  outcrop  of  the  coal  beds. 

2.  The  area  of  surface  underlaid  by  each  bed. 

3.  The  dip  and^  strike  of  each  bed  w^here  worked. 

4.  Area  worked  out. 

5.  Area  opened  but  not  Worked  out. 

6.  Area  undeveloped. 

7.  The  most  probable  structure  of  the  undeveloped  portions  of 
the  coal  beds  lying  between  tliese  already  developed,  including 
the  dip,  strike,  depth  of  l)asins,  etc. 

8.  Tliese  points  ascertained,  it  is  possible  to  estimate  closely 
the  uinount  of  coal  available  for  mining  at  different  depths,  which 
is  a  prol)lem  of  constantly  increasing  importance. 

To  prepare  all  these  data  for  publication  will  certainl^^  require 
two  years  of  hard  work,  summer  and  winter,  with  a  lar^e  corps 
of  assistants.  Meantime  other  parts  of  Western,  Nortliern,  Mid- 
dle and  Southeastern  Pennsylvania,  not  yet  wholly  surveyed,  will 
be  iinislied. 
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INTHRCOMMUNICATIONS  IN  CITIES.  KTC. 

Bv  PaoF.  h.  M,  HArPTp  Memlier  of  tlie  Onh. 

Mead  Janmry  IM^  13S1. 

PAIIT    I. 

It  is  one  of  the  dutiea  and  privilegas  of  engineering  societies, 
Inowing  tlie  {losj^ilnUties  of  thoir    prafei^io!i,  to  consider  and 

iggc^t  [ilausand  project*?  whieli  tend  to  ameliorate  the  condition 
(f  the  commutiiti^  in  which  they  are  locttt^d.  To  this  end  we 
lave  already  discu.?«ed  and  published  valua!>lo  pa|K^rs  npon  the 

iUhje<H   of  the    FUTUHE  water   SUI'I'LV    and   .sewerage  of  PHILA- 
DELPHIA, by  Messi*®.  Darraeh  and  Ilering.    It  is  erjually  important 
lat  something  shouhl  l>e  said  upon  the  subject  of  increasing  the 
irilitieB  I>y  which  men  and  merchandise  may  be  moved  in  any 
kit'sired  direction   through  cities,  and  tlie  enormous  amount  of 
lime  and  energy  now  wasted  in  passing  from  place  to  place  be 
ftiveil.     Our  president  has  alreafly  pointedly  referred  to  this  ira-. 
portiint  matterp  in  his  recent  inaugural  addrf*HB, 

The  element.^  which  enter  into  ilie  discussion  of  this  question 

^r*'  time,  t^mrf  and  pomr,  and  it  ma3'lfe  ai'.^umed  tliat,  at  least  for 

pa^ine.ss   purjxjses,  the  time  consumed  in  trau-^it  between  two 

j^Hces  is  practically  wastetL     The  less  the  time  spent,  thereforej  in 

Ira  versing  any  given  S[mce,  the  greater  will  Ihj  the  gain  to  tlie 

^nJividual,  and  henc-e  to  the  coinmnnity.     This  saving  of  time 

nay  Ije  accomplished  in  either  or  both  of  two  ways,  namely,  by 

s!iemng  the  distance  or  incrca^^ing  the  velocity.    The  former  ia 

kTlainly  the  better  since  it  diminishes  the  time  as  well  as  the 

Drk  reiiuired  of  the  man,  beast,  vehicle  or  machine  moving  over 

Jie  given  space.     The  latter  method  is  only  desirable  when  ad- 

%^e  may  be  taken  of  some  clieaper  and  more  rapid  motor 

the  one  in  use,  passing  over  the  whole  or  a  portion  of  the 

istiinee  proposc^l  u*  \n*  traversed. 

Tl*e  most  [icrfcct  solution  of  this  problem  attainable  is  that  in 
^aich  both  of  tliese  nictliods  are  combined  to  jiroduce  the  desired 
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result,  that  is,  the  ways  of  communication  should  be  made  as 
direct  as  possible,  and  the  facilities  for  traversing  them  be  in- 
creased to  the  greatest  extent. 

The  question  of  greatest  moment  to  the  profession  at  present 
is,  "How  may  we  provide  the  ways  and  means  for  a  cheap, 
reliable  and  rapid  transportation?"  and  its  answer  must  be  de- 
termined by  a  consideration  of  the  general  or  particular  condi- 
tions entering  into  the  given  case — as  to  nature  and  amount  of 
traffic,  toix)graphy  of  country,  means  of  conveyance,  motive  power 
employed,  etc.,  etc.  It  is  in  the  solution  of  these  subordinate 
questions  that  all  the  subdivisions  of  the  profession  are  brought 
into  play,  but  I  propose  to  apply  the  general  question  only  to 
the  consideration  of  some  of  our  local  requirements. 

First  then,  how  may  we  provide  the  ways  and  means  for 
cheap,  reliable  and  rapid  transportation?  Evidently,  by  making 
the  route  as  direct  as  possible,  and  by  using  the  most  economical 
motors  obtainable  consistent  with  the  desired  velocity  of  transit. 
To  secure  this  result  involves  a  consideration  of  the  resistances 
which  interrupt  or  impede  travel  and  which  may  be  included  in 
the  obstructions  offered  by  topographical  or  other  features  of  the 
earth's  surface  and  by  atmospheric  and  mechanical  resistances. 

It  is  the  business  of  the  engineer  to  reduce  these  resistances  to 
a  minimum  by  any  available  means  and  at  a  cost,  the  interest  of 
which  sliall  not  exceed  the  revenue  from  the  proposed  improve- 
ment. It  is  in  tlie  consideration  of  these  prospective  values  that 
the  i'lement  of  nneertainty  chiefly  lies  and  in  which  the  expedi- 
ency of  the  enterprise  is  involved,  and  although,  strictly  speaking, 
it  is  not  an  engineering  question,  yet  it  is  so  closely  related  to 
the  success  of  any  j)roject  that  it  cannot  be  ignored.  In  the 
following  discussion  the  values  used  and  quantities  considered 
will  be  taken  from  the  latest  and  most  reliable  statistics  obtainable. 

To  apj>ly  these  princii)les  to  any  particular  case  it  becomes 
necessary  first  to  determine  what  are  the  existing  modes  of 
transit;  S(^con(l,  to  devise  such  improvements  as  will  remove  or 
reduce  these  resistances  to  the  lowest  limit  at  a  reasonable  cost; 
and  third,  to  propose  such  means  as  will  inflict  the  least  amount 
of  damage  and  confer  the  greatest  amount  of  benefit  upon  the 
communitv. 
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Applicatioks, 

Now,  in  the  City  of  Philaddphiii,  the  ordinary  ways  of  cora- 
tttunication  are:  1.  By  avenues  and  streets*  2,  By  raihoads. 
tL  By  rivers;  all  of  which  are  relat^l  to  each  other  and  fulfil 
their  rei|uireiuents  more  or  less  |>erfe€tly  according  to  eireum- 
gtanc*s. 

The  Street  System: 

As  the  streois  are  the  prineipal  means  of  communieiition  it 
is  importiint  that  thtiy  should  be  so  planned  and  distribulLd  that 
they  wmy  best  serve  the  purposes  for  whieh  they  wme  intended, 
viz.,  traffic,  travel,  residence,  health  and  defense. 

The  daily  wants  and  occupation  of  the  citisten  and  thoa^  wlio 
rauy  be  dependMut  upon  him  make  it  nece&mry  that  he  aliould 
have  every  faeility  for  loeomotion,  and  hence  an  ideal  system  of 
^trtvts  would  be  that  in  which  they  extended  from  every  point 
to  every  other  point;  tliis  would  reduee  theeity  to  an  uninhabita- 
ble plain,  or  one  in  which  the  inhabitants  lived  under  thei^urface 
iiS€»l  for  travel;  the  other  extreme  is  tbat  in  which  the  total  area 
of  the  city  is  devoted  to  buildings  witli  no  public  wayi^  of  com- 
Riuuieation. 

It  jH  evident,  therefore,  that  there  must  be  a  compromise 
iiffected,  and  that  a  definite  relation  must  exist  between  the  areas 
devoted  to  public  and  to  private  purposes,  or  to  stret^ts  and  to 
buildings.  What  this  relation  should  be,  it  is  the  duty  of  the 
projectors  of  a  city  so  far  as  possible  to  determine.  It  differs  in 
almost  every  city  in  this  country;  in  some,  the  strc^ets  being 
too  broad  and  numerous,  in  others,  too  narrow  and  far  apart* 


"For  a  more  ootnplete  dbeutision  of  this  reltttion,  ibe  renj^er  h  referred  to  n  paper 
*The  Beat  ArrMn^enitnl  ni  City  Slr«?*?t^f*'  publislie*!  in  Th*'  FntrxkHn  In^titnfe 
nai,  Kq,  6J6|  April,  IS77,  in  which  it  b  fihowti  ihM  t}ie  p(?ri'*?ntu^e  o(  sitreet  i*i 

(2tic  +  ti'*  Y 
n I  100^  in  wlacjh  t  repre- 

I  wenti*  the  Wngtli  of  otie  side  of  a  isquare  of  any  gisse^  and  w  the  width  of  tbe  8tr««i 
Ijorderiag  tvo  ¥,U\<i^  of  it. 

The  optniiijjr  of  two  tliag<>naJ  sivcniie*,  siiy  100  feet  wide,  us  hereafler  prof»fmc<l, 
wtmM  ixms^iiio  IJ  jM»r  cent,  of  the  hnildiiig  aroA  of  the  Isirge  sijuare  o,  which  they 
ftte  the  diaji;f»nida,  iieiice  iJjtj  |*ojiiil3iiioii  diHturlied  wmdd  vary  in  the  isnme  riilio  rtr 
IJ,  whilst  tli<?  iiinldinj:  lines  would  iit?  increu^ietl  hy  over  7  fjer  cent.    So  ihar  iriRtead 

1  of  driving  out  tiie  pupa  lace,  it  would  enable  more  lo  suit  It*  m  the*  very  heiirt  of  Uie 
ciij. 
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For  foot  passengers  the  ways  should  be  frequent,  but  compara- 
tively narrow.  In  this  respect  Boston  surpasses  most  American 
cities  for  there,  business  is  concentrated,  and  the  "cut  ofls"  are 
very  frequent  to  those  thoroughly  familiar  with  the  ins  and  outs 
of  the  "  hub."  Our  city  plan  could  be  much  improved  by  open- 
ing diagonal  ways  for  pedestrians  through  the  blocks  similar  in 
their  general  features  to  that  at  "Walnut  Place,"  and  tlius  ren- 
dering a  much  larger  amount  of  the  building  area  available  for 
stores  and  offices.  At  present  many  of  the  blocks  are  simply 
"hollow  squares."  By  opening  or  enlarging  streets  through 
them,  the  available  building  area  would  be  largely  increased 
without  at  the  same  time  crowding  out  any  of  the  population. 

The  rectangular  systf:m  of  streets  is  good  enough  so  far  as 
it  goes,  but  for  a  person  whose  objective  points  are  on  the  diagonal 
lines  of  this  system,  it  is  the  worst  possible.  Every  such  indi- 
vidual must  lose  42  per  cent,  of  his  time,  distance  and  energy  in 
traveling  between  the  termini  of  his  route.  It  is  the  same 
whether  he  ride  or  walk,  except  that  in  the  former  case  the  wear 
and  tear  comes  on  the  horses  and  vehicle  instead  of  on  himself, 
and  the  cost  to  the  car  company  transporting  him  is  increased 
in  the  same  ratio.  This  waste  when  taken  collectively  amounts 
to  a  very  large  quantity  and  is,  to  tliat  extent,  a  bar  to  the  growth 
of  the  eity. 

It  is  evident  that  the  value  of  an  article  to  a  pureliaser  is 
larg(^ly  influeiiec^d  by  the  time,  distance  and  trouble  n(M?essary  to 
be  expended  in  procurint^  it,  and  that  beyond  certain  narrow 
limits  it  will  not  pay  to  o-q  for  artieles  of  little  worth;  thus  new 
centres  of  trade  are  established  at  the  exi>ense  of  the  old  ones. 
It  is  also  self-evident  that  the  amount  of  traffic  is  a  function  of 
the  population.  If  the  latter,  therefore,  does  not  increase  neither 
will  the  local  l)usiness  of  the  city.  Now,  it  is  a  very  significant 
fact  that  during  the  ])ast  (h^'ade  the  population  of  that  portion  of 
Philadelphia  bounded  l)y  Washington  Avenue,  Passyunk  Road 
and  ^\'ha^ton  Strei^t  on  the  south;  by  the  Delaware  on  the  east; 
tlie  Sehuylkill  on  the  west,  and  by  Poi)lar,  Sixth  and  Oxford 
Streets  and  Frankford  Koad  on  the  north,  which  I  sliall  designate 
as  the  //rrnV  of  the  cUii^  has  (Jcrreasrd  in  population  19,400,  whilst 
in  the  remaining  seventeen  wards  the  population  has  increased 
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195^090.  Two  of  the  wards  within  tlie  above-iiaiiKd  limits,  have 
I  incn*ast'd  slightly;  the  Tenth  by  51,  and  tlie  Fifteenth,  which  is 
on  the  border,  by  3,115*     {See  Census  of  1880). 

The  net  increase  outride  of  the  district  mentioned  was  10o,(>9<), 
wliil??t  it8  gross  po|mlation  was  513J72,  tl.ie  remaining  332,208 
residing  within  those  limits. 

NoWj  assuming  the  centre  of  tlie  retail  trade  to  be  at  Eighth 
and  Market;  that  of  tiieconunerciul  and  monetary  interests  to  be 
at  Fourth  and  Chestnut;  and  that  of  municipal  business  tt>  be 
at  Broad  and  Market,  it  is  evident  that  a  large  portion  of  the 
populatitjn  living  beyond  the  limits  mentioned,  is  obliged  to 
travel  a  long  distance  out  of  the  way  to  reach  these  points^  and 
that  if  the  merchant.^,  bankers  and  professional  men  generally 
da^ire  tn  retain  the  patnmage  of  tliis  vast  population,  which  is 
daily  getting  farther  away,  it  will  l>e  necessary  to  increase  the 
facilitic*s  of  communication  by  opening  diagonal  streets,  providing 
more  ra|)id  means' of  transit,  or  moving  their  stores,  banks  and 
offices,  out  in  the  wake  of  the  receding  population. 

I*R0P0SED   lMrRUVEME>^a 

Of  these  three  methods,  the  fii'st  seems  certainly  the  best  for 
all  parties  concerned.  The  opening  of  an  avenue  from  Gray's 
Ferry  Road  to  the  corner  of  Brown  and  Laureb  and  anotljer  from 
Twenty-firsr  and  rennsylvania  Avenue  to  Front  and  Washiugt^m 
Avenue,  wide  enough  for  at  least  two  lines  of  street  cars,  four  or 
six  of  carriage-ways  with  twenty  feet  sidewalks,  well  shaded  with 
tree-s,  but  having  no  projecting  steps  or  bulk  windows,  would 
ctjnstitule  one  of  the  grandest  improvements  this  city  has  ever 
devised.  It  would  reduce  the  disitance  from  23,000  to  IfJ.OOO 
feet,  thus  saving  1|  rniles  for  every  person  required  to  niove 
diagonally  across  the  heart  of  the  city,  with  the  same  percentage 
of  saving  for  any  part  of  the  distance.  It  would  open  up  over 
twelve  miles  of  building  lines  av^a liable  for  ston^s  and  dwellings, 
and  OS  these  avenues  would  be  crowded  thoroughfares,  tliey  would 
form  the  most  desirable  sites  for  trade  in  the  city.  The  additional 
building  fronts  thus  created  would  far  more  than  accommodate 
Iheismall  portion  of  the  inhabitants  displaced  by  such  an  im- 
provement*     It  would  open  a  direct  line  of  connnunication  to 
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the  Park  from  the  southeastern  portion  of  the  city,  and  furnish 
avenues  for  the  more  efficient  performance  of  all  municipal 
duties  such  as  may  arise  from  fires,  riots,  etc.  These  improve- 
ments would  involve  some  changes  in  the  railroads  which  will 
be  discussed  hereafter  under  that  head. 

DiSTKIBUTION   OF   POPULATION. 

It  will  be  interesting  to  note  whilst  on  the  subject  the  distri- 
bution of  our  vast  population,  the  changes  that  have  taken 
place  during  the  past  decade  in  the  several  wards  of  the  city. 
The  following  table  is  arranged  by  wards  in  the  order  of  the 
density  of  their  populations,  computed  from  the  areas  furnished 
by  the  City* Engineer,  Mr.  Samuel  L.  Smedley  and  from  the 
census  returns  for  1880. 

The  numbers  in  the  first  column  indicate  the  order  of  succession 
gf  the  w^ards  arranged  according  to  density  of  population;  those 
in  the  second,  the  numbers  of  the  wards;  the  third,  the  areas  of 
these  wards  in  acres;  the  lourth,  the  population  in  each  ward  in 
1880;  the  fifth,  the  increase  or  decrease  in  ten  years,  and  the 
sixth,  the  number  of  square  feet  per  individual. 

DISTRIBUTION    AND    DENSITY    OF    POPULATION    IN    PHILADELPHIA,    1880. 
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An  analysis  of  the  above  table  reveals  tbe  fact  tbat  the  areas 
of  deny  est  poj)ulation  form  two  zones  or  bands;  the  one  on  the 
south  of  the  city  extending  from  Pine  to  Christian  Streets,  and 
that  on  the  north  from  Vine  to  Poplar^  espeeioHy  ea!=t  of  Broad, 
and  extending  nronnd  to  the  nortlieast  throajjjh  Kensington, 
The  middle  zone,  or  that  from  Pine  to  A'ine  Streets,  including 
of  the  Seventh,  the  Eighth,  Nintli  and  Tenth  Wards,  is  not 
densely  sett  led;  the  area  per  caj>itu  ranging  from  430  to  S+00 
square  feet. 

It  will  be  observed  that  throughout  these  three  zones  the  pop- 
ulation h^is  decreased  by  nearly  20,(M)0,  whilst  the  increase  beyond 
these  Hmits  amounts  to  nearly  2(K1,000,  distributed  in  the  follow* 
ing  directions:  8outh  of  Wharton  Street,  or  on  "the  neck"  about 
17,0W  in  the  Fimt  Wur<l,  and  about  27,035  in  the  Twenty-sixth 
and  Thirtieth  Wards;  total,  44,635,  or  nearly  50,000  in  ten  yeari'^, 
due  doubtless  to  low  rents,  extension  of  street  car  lines  and  erec- 
tion of  numerous  improvements,  as  grain  elevatora,  oil  refineries, 
etc.  The  total  population  is  107,323,  West  of  tlie  Schuylkill 
river  lie  the  Twenty-fourth  and  Twenty-seventh  Wards  separated 
l,jy  M  a  rk  et  street.  T  h  e  form  er,  i  n  el  u  d  i  n  g  th  e  1  ^i  rk  a  n  d  Ce  n  t  e  n  n  i  a  I 
Grounds,  increased  21,125;  the  latter,  including  the  Almshouse 
property,  Woodland  Cemetery,  etc.^  3,899;  total,  25,024.  The 
great  ditt'erence  being  due  to  the  impulse  given  by  the  Centennial 
and  by  tlie  greater  railroad  facilities  enjoyed  by  the  Twenty- 
fourth  over  the  Twenty-seventh  Ward. 

West  Philadelphia  is  well  provided  with  divergent  lines  of 
com  muni  cation,  leaving  nothing  to  be  desired  in  that  part  of  the 
city  at  present  There  are  Woodland^  Baltimore,  Lanca^ster  and 
Belmont  Avenues,  Market  Street  and  Haverford  Road  enabling 
its  [Kipulace  of  69,341  to  reach  the  Chestnut  and  Market  Streeta 
and  Fairmount  Avenue  bridges  by  the  most  direct  routes  pos^sible. 

The  northern  section  of  the  city  beyond  Poplar  Street,  includ- 
ing the  Nineteenth,  Twentieth,  Twenty-eighth^  Twenty-ninth  and 
Thirty-first  Wards,  has  a  total  population  of  193,631,  being  an 
incresise  of  81,379^  or  nearly  45  per  cent  in  ten  years. 

The  Twenty-first  Ward, embracing  Manayunk  and  Koxborough, 
has  increased  but  slightly,  and  the  Twenty -second  Ward,  contain- 
iiij^  Gcrraantown  and  Korristownj  about  in  tlie  same  ratio.   In  the 
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Twenty-third  Ward  the  population  is  so  sparse  that  there  is  more 
than  an  acre  of  land  to  the  individual — but  it  is  as  yet  very  re- 
mote, and  the  means  of  communication  are  imperfect. 

There  are  in  all  302,666  persons  living  north  of  Poplar  Street, 
Sixth  and  Girard  Avenue;  107,000  south  of  Washington  Avenue, 
and  70,000  in  W^est  Philadelphia,  making  a  grand  total  of  nearly 
500,000;  a  large  percentage  of  whom  may  be  obliged  to  cross  the 
heart  of  the  city  daily  in  oblique  directions.  Is  it  not  of  some 
moment  then  that  additional  facilities  should  be  oflPered  them? 

The  four  avenues  proposed  would  lead  up  to  the  very  doors  of 
the  Public  Buildings,  and  would  also  connect  directly  with  the 
Elevated  road  on  Filbert  Street. 

For  the  better  accommodation  of  the  residents  of  Kensington, 
Bridesburg,  Frankford  and  West  Philadelphia,  a  desirable  im- 
provement would  be  the  extension  of  Kensington  Avenue  through 
to  Francis  Street,  and  thence  on  to  Fairmount  Avenue  near  the 
bridge.  Thus  saving,  as  before,  about  IJ  miles  to  all  persons 
obliged  to  cross  the  city  in  that  direction. 

Street  Car  Travel. 

From  tlie  last  annual  reports  of  six  out  of  the  twelve  passenger 
railway  conii)anies  in  tliu  city,  it  appears  that  the 

Union  Line  earried    .         .         .     20,050,880  passengers. 
The  Frankfonl  and  Soutliwark,       8,103,291 
''     Kid^e  Avenue,     .         .         .       .5,028,801 
"     riiilada.  (Chest,  and  Walnut),   U,440,591 
''     Hestoiiville  and  Mantua,  4,828,314 

''     Cireen  and  Coates,        .         .       3,405,350 


Total  of  these  six  roads,       50,855,280 

If  the  remaining  six  eompaiiies  have  done  as  well,  it  will  make 
a  grand  total  of  over  o//r  Imadrrd  iiiilllons  of  people  who  have 
ridden  in  the  street  ears  of  this  eity  during  the  past  year. 

The  expenses  of  these  roads  aggregate  §1, 000,088.50,  making 
the  eost  \k'V  passenger  oidy  two  eunts;  now  assuming  that  the 
average  distanee  traveled  by  eaeh  person  in  tlie  ears  to  be  four 
miles,  the  cost  per  mile  i)er  individual  would  be  five  mills. 
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If  then,  by  any  means,  the  flistance  traveled  over  by  this  vaj^t 
TOOving  population  could  be  leggened  but  one  mile,  it  would  efl*ect 
a  saving  to  the  companies?  uf  a  half  million  of  dollars,  and  to  the 
pog.sengers,  of  whom  a  large  proportion  constitute  the  bone  and 
sinew  of  this  manufacturing  centre,  of  one  and  a  lialf  millions 
per  annum. 

Tliis  is  only  the  direct  ptcnnmry  advantage,  but  the  economy 
of  time  and  labor  must  also  be  considered, 

Tlie  [H'def^trians  will  probably  outnumber  the  street-car  pa,saen- 
gers  ten^fold,  but  us  a  bas^iy  of  calculation  let  ub  assume  them 
ef[ua!,  and  take  the  rate  |)er  mile  of  a  good  walker  at  fifteen 
minuter,  then  the  saving  of  one  mile  of  distance  would  ra^ult  in 
an  economy  of  25,00i)^G00  hours,  or  2,852  years  for  pede.strians 
only,  and  as  the  average  velocity  of  a  street-car  is  about  double 
that  of  a  man,  the  saving  would  be  only  one-half  this  amount  or 
1,426  years,  making  a  total  of  at  least  4,278  years  gained  in  time 
by  saving  one  mile  of  distance  to  the  rambling  populatiuii  of 
Philadelidiia,  We  do  not  pretend  to  convert  this  into  dollars 
and  cents  as  tiie  unit  of  coutparisun  is  too  variable.  The  amount 
of  kinetic  energy  which  might  be  saved  by  reducing  distances  to 
the  extent  of  only  one  mile,  may  be  readily  computed  by  multi- 
plying the  number  of  foot-pounds  which  a  man  of  average  weight, 
say  144  pounds,  expends  in  traversing  this  distance^  by  the  num- 
ber of  jjcdestriana 

"A  man  walking  23  miles  on  a  horizontal  road  does  as  mucli 
work  as  if  he  lifted  his  body  up  a  vertical  ladder  througli  a  height 
of  one  mila  Ilencej  in  walking  one  mile  he  must  raise  himself 
230  feet,"  performing  an  amount  of  work  representc*d  by  33,120 
foot-jKanidst  or  say  ^^  ^^  ^  horse*power  per  indiviiluab  and  for 
the  1UO,<>00,U(JD  of  our  nomadic  population  there  would  be  an 
economy  of  (1,666,666  horse-powers. 

Thus  it  will  be  seen  that  these  elements  which  may  appear  too 
insigniHcHut  to  the  individual  to  merit* a  moment's  consideration 
become  in  the  aggregate  importatit  factoid  in  the  welfare  of  tlie 
community,  for 

'*Miuiy  a  liftle  ninkew  n  inickle/' 

and  if  the  annual  saving  to  the  entire  population  from  any  im- 
provements amounts  to  niillions  of  dollars,  as  it  does  in  this  case. 
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then  it  will  pay  to  invest  many  more  millions  in  its  accomplish- 
ment. 

It  should  be  observed  also  that  these  results  are  obtained  from 
a  consideration  of  the  movement  of  persons  only,  and  do  not  in- 
clude the  immense  amount  of  merchandise,  or  the  large  number 
of  animals  and  vehicles  constantly  handled  and  used  in  the 
ordinary  routine  of  business. 

Opposition  to  such  a  scheme  must  of  course  be  expected  as  a 
natural  result  attending  every  improvement.  Our  local  history  is 
full  of  instances,  for  example,  passenger  railways  were  introduced 
January,  1858,  yet  "there  was  much  opposition.  Pamphlets  were 
published,  and  some  large  owners  of  property  threatened  to  sell 
out  and  move  away  from  the  route."*  Many  other  cases  might 
be  cited  were  it  necessary. 

The  public  seem  now  content  to  accept  the  situation  and  wel- 
come the  system  of  railways  as  an  indispensable  convenience, 
which  has  not  only  enhanced  the  value  of  their  property,  but  has 
been  the  means  of  otherwise  enriching  them  both  directly  and 
indirectly.  The  same  consequences  will  follow  any  system  whic' i 
increases  the  facilities  of  communication. 

If  it  be  asked  why  improvements  of  this  nature,  if  so  important 
and  necessary,  have  never  been  suggested,  or  at  least  urged  before, 
it  must  be  answered  that  they  are  of  such  a  character  that  no  cor- 
porations could  expect  any  direct  return  for  money  invested  in 
opening  streets  over  which  they  could  have  no  control,  and  upon 
which  tliey  could  collect  no  tolls,  and  that  the  private  citizen, 
however  niucli  he  might  wisli  such  conveniences,  would  be  apt 
to  consider  his  individual  petition  impotent  to  produce  the  desired 
result.  Moreover,  it  is  only  in  consequence  of  the  rapid  growth 
of  the  city  that  tlie  necessity  now  exists,  and  is  becoming  every 
year  more  urgent.  The  present  magnitude  of  this  city  of  homes 
was  not  anticipated  by  its  founders,  or  doubtless  provision  would 
have  been  made  in  the  original  plan  to  meet  this  very  demand, 
but  the  longer  it  is  delayed,  the  more  difficult  it  becomes.  A 
beginning  should  at  least  be  made  on  one  of  the  sliorter  lines  as 
that  from  Broad  and  Market  to  Pennsylvania  Avenue,  provided 

*Wat>5on's  Annals. 
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Rrrangeraent  can  be  made  t<^  remove  tlie  Railroad  tracks  from 
llie  latter  avenue,  as  suggested  in  the  second  part  of  this  paper, 

PART  JL— RAILKOADa 

In  my  first  paper  on  this  subject,  read  before  the  Club,  tlie 
discusi^ioo  was  limited  to  the  street  system,  the  amount  of  travel 
through  it,  the  dintrihution  and  growth  of  pojiulation  and  tlie 
necessity  for  additional  avenues  in  certain  directions,  \\ith  a 
eomputation  of  the  value  of  one  mile  of  distance  .^avetl  I  now 
|jropose  to  extend  the  subject  under  consideration,  *so  as  to  in* 
elude  the  railroads  in  and  around  tlie  city,  with  reference  to 
Jheir  location,  local  traffic  and  terminal  facilities,  and  to  make 
S>ome  suggestions  as  to  certain  changes  which  I  believe  would 
Constitute  valuable  improvotnents  which  will  be  required  in  tlie 
not  very  remote  future, 

Location. 

Under  this  head  I  propose  to  consider  the  position  of  the  lines 
tof  railroad,  with  reference  to  the  directions  and  grades  of  streets, 
^To  this  end  it  will  be  necci^sarv  U$  estublish  some  limit  for  the 
local  movement,  and  some  centre  which  may  fairly  be  considered 

pond  dktppui  for  the  suburban  population.  For  this  latter 
refi^ence  we  may  take  the  New  Pf>st  Office  at  Xinth  and  Market 
Btrei*ts,  us  being  ^utticicntly  central^  and  for  the  former,  a  circle 
of  ten  miles  radius,  described  from  the  point  just  selected. 

A  detailed  verbal  description  of  the  location  of  the  roads  lead- 
ing out  of  the  city  need  not  be  given,  as  a  glance  at  tlie  accom- 
|iunying  maji  will  su[i[dy  all  the  information  desired  as  to  direc- 
lion  J  it  is  only  necessary  to  state  that  all  of  the  lines^  with  one 
exception,  are  surface  roatls  intersecting  the  streets  and  other 
l"a  i  1  roads  gen  e  ra  1 1  y  at  grade. 

They  are  the  Penna.  R.  R.,  with  its  leased  lines  and  branches, 
enibraeing  tlie  United  R,  R's  of  N.  J.j  the  West  Jersey,  Camden 
^  Am  buy,  Oamden  tfe  Burlington  County,  the  Connecting  Rail- 
iroad  and  the  Delaware  Division;  the  Fhila.  &  Reading,  with 
its  leiiswl  lines  and  branches,  embracing  the  Delaware  A  Bound 
Brcmk,  North  Penn,,  Phila.,  Gtu.  (&  Norristown,  the  Junction 
Railroad,  end  the  Richmond  &  Chester  Branches;  the  Phila.j 
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Wilmington  &  Baltimore,  with  its 
leased  line;*  the  Philad'a  &  West 
Chester,  the  Camden  &  Atlantic,  the 
Phila.  <fe  Atlantic  City  (narrow  gauge) 
all  in  operation,  and  the  Phila.  & 
Chester  Co.  R.  R.  proposed. 

To  compare  the  facilities  offered 
by  these  lines  to  the  people  in  and 
around  Philadelphia,  it  is  necessary 
to  note  the  distances  from  their  ter- 
mini to  the  assumed  centre  of  busi- 
ness, and  the  time  consumed  in 
reaching  it  either  on  foot  or  hy 
horse  cars.  These  results  may  be 
most  intelligently  exhibited  by  a 
diagram  in  which  distances  may  be 
plotted  as  abscissa  and  time  as  or- 
dinates,  using  two  time  curves,  one 
for  pedestrians,  the  other  for  street 
car  passengers,  but  since  the  time 
consumed  varies  directly  as  tlie  di.'^- 
tance  tniveled  over,  these  curves  will 
be  represented  by  right  lines,  the 
scales  of  which  are  proportional  to  the 
velocities  of  travel.  In  the  formula 
.s'  =  V  t,  which  is  the  equation  of  a 
right  line,  by  substituting  for  ^s  the 
s})ace  rei)resented  by  one  unit  of  the 
distance  scale,  and  for  v  the  velocity 
l)er  minute  we  obtain  the  time  scales 
which  in  the  subjoined  diagram  will 
then  be  '2000  =-  500  t  for  street  cars 
and  -iOOO  =  2oU  t  for  pedestrians, or 
1  inch  =  tlie  space  passed  over  in 
foui'  minutes  in  tlie  former  case  and 
in  eight  minutes  in  the  latter. 

These  results  are  also  appended 
in  tabular  form. 


*  PurciifLsed  by  the  Penna.  H.  H.,  MwtcU,  \^^V. 
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I  TABLE  L — snowENG  relativk  i>lstani;eb  of  the  h,  r.  pEPOXt*  in  Philadel- 
phia, FROM  KINTU  AND  MARKfTT  STHBETS,  WITH  THE  TIMES  REqUIEEU  TO 
TRAVEit^E  THEM   EITHER  ON   FOOT   OR  BY   HORSE   CARS, 
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Tlie  time  in  the  above  columns  is  computed  from  tlie  observed 
and  recorded  average  rates  for  street  eai-a  propelled  by  horses, 
wliit'li  is  found  to  be  very  nearly  500  ft.  per  minute,  or  5.7  miles 
f^er  hour.     The  rate  for  pedestrians  is  taken  at  one  half  that,  or 

'250  ft.  jjer  minute,  2.9  miles  per  hour 

The  average  running  time  of  the  accommodation  trains,  in- 

[elucUng  slops  at  intervals  of  one  mile,  is  about  three  (3)  minutes 

I  per  milet  so  tliat  to  reach  the  perimeter  of  the  10  mile  district 
would  require  30  minutes  to  be  added  to  the  time  consumed  en 
rottte  to  the  depots. 

I  Thus  the  running  time  from  Bryn  Mawr  to  Thirty-second  and 
ilarket,  pmsent  terminns  of  R  R.  K.,  UA  miles,  averages  27  min- 

Iute>-».  To  walk  thence  to  Nintli  and  Market  requires  30  minutes 
luore,  or  to  ride,  without  dt.^lav  in  starting^  IS  minutes,  makijig 
the  entire  time  63  or  45  minutes.  Hence  it  appears  that  a  pers^on 
livifjg  ten  miles  from  the  city  muf^t  devote  daily  at  least  li  hours 
if  In*  ritlt%  or  2  hours  if  he  walk,  in  making  the  rount]  trip.  For 
I  two  or  more  trips  the  time  so  absorbed  is  proportionally  inereaFed, 
The  enterprising  company,  whose  road  is  referred  to  in  tlie  above 
instance,  realizing  tht?  value  of  this  enormous  loss,  when  taken 
collectively,  to  its  patrons  and  of  the  importance  of  bringing  the 
home  and  the  office  nearer  together  in  [loint  of  time,  are  invest- 
ing millions  of  money  in  constructing  an  elevated  iron  and  brick 
I  viaduct  from  Thirty-second  and  FoweUon  Avenue  into  the  very 
heart  of  ihe  city,  and  by  this  means  propose  to  reduce  the  time 
lictween  the  limits  previously  cited  as  follows:  From  Bryn  Mawr 
to  Broiid  Street,  probably  30  minutes;  from  thence  to  Ninth  and 
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Market,  11  minutes,  or  5.5 ;  but  assuming  that  all  would  walk 
these  five  squares,  it  would  make  the  total  time  41  minutes  as 
compared  with  G3. 

For  that  portion  of  the  route  between  the  proposed  and  present 
sites  of  the  terminus,  the  minimum  saving  would  be  10  minutes, 
or  20  minutes  on  the  round  trip. 

The  effect  of  this  improvement  has  already  made  itself  manifest 
in  enhancing  the  value  of  suburban  property  along  the  line  of 
the  road,  from  which  the  company  will  derive  a  direct  benefit  as 
well  as  from  the  increased  amount  of  local  travel,  which  must 
necessarily  follow  in  its  wake.  It  is  also  proposed  to  construct  a 
branch  from  Hestonville  around  the  western  boundary  of  the 
Park,  to  connect  with  the  projected  gravity  road  at  Belmont  and 
to  open  up  one  of  the  most  magnificent  and  commanding  sections 
of  the  city  for  suburban  villas  on  the  highlands  near  Academy- 
ville. 

Another  line  is  projected  down  the  west  banks  of  the  Schuyl- 
kill to  tap  the  refineries  below  Eastwick's  Park,  and  thus  provide 
additional  facilities  for  one  of  Philadelphia's  largest  industries, 
and  still  another  to  Chestnut  Hill,  conditioned  upon  the  right  of 
way  being  furnished  by  residents  of  that  section. 

Local  Traffic. 

To  obtain  some  data  with  reference  to  the  nature  and  amount 
of  this  traffic,  I  have  written  to  tlie  officers  of  the  several  com- 
panies, whose  roads  terminate  in  the  city,  asking  for  information 
as  to  the  number  of  grade  crossings  within  city  limits,  tlie  num- 
ber of  trains  of  all  classes  arriving  at  and  departing  frorii  their 
various  depots  daily,  and  the  number  of  passengers  carried  to 
and  from  stations  within  ten  (10)  miles  of  their  termini.  The 
answers,  so  far  as  received,  have  been  arranged  in  tabular  form 
for  convenience  of  comparison,  and  will  be  found  interesting  as 
revealing  the  magnitude  of  the  daily  local  movement  within  the 
narrow  limits  selected,  as  well  as  the  general  perfection  of  the 
management,  as  regards  safety  and  rapidity  of  motion. 
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From  this  table  it  will  be  seen  that  there  are  99  grade  crossings 
within  city  limits  on  the  P.  R.  R.;  292  on  the  P.  &  R.  R.  R.;  35 
on  the  P.,  W.  &  B.  R.  R.,  and  12  on  the  P.  &  W.  C.  R.  R.,  mak- 
ing  a  total  of  about  450.  This  includes  only  those  streets  and 
railroads,  which  are  opened  for  travel  and  hence  are  dangerous 
intersections.  The  rapid  extension  of  the  city  streets  will  largely 
increase  the  number  in  the  next  decade. 

On  the  above-named  roads  and  their  branches  it  will  be  seen 
that  there  are  a  large  number  of  daily  trains  (both  ways)  passing 
these  numerous  crossings.  To  determine  as  nearly  as  possible 
the  aggregates,  I  have  multiplied  the  number  of  crossings  on  any 
branch  by  the  number  of  trains  on  that  branch,  and  thus  ob- 
tained the  equivalent  number  of  trains  passing  any  one  crossing. 
These  products  I  have  called  train-crossings,  as  the  analogue  of 
the  term  "  foot-pounds."  The  footing  to  this  column  shows  the 
total  number  of  trains  passing  any  one  crossing  per  day,  which 
is  about  22,000,  and  this  is  exclusive  of  "shifters"  and  some 
freight  trains  not  reported.  If  18  hours  be  assumed  as  the  length 
of  the  day  for  railroad  operations,  these  22,000  train-crossings 
must  be  made  at  the  rate  of  about  20  per  minute,  or  in  other 
words,  tliere  must  be  a  train  upon  twenty  crossings  every  minute 
of  the  day,  hence  the  obstruction  to  street  travel  can  readily  be 
imagined.  As  to  danger,  the  wonder  is,  not  that  there  is  an 
occasional  life  or  limb  sacrificed,  but  that  the  casualties  are  not 
far  more  frequent. 

It  becomes  us  then  to  inquire  where  this  obstruction  is  greatest 
and  how  it  can  be  removed. 

Of  the  7580  crossini^s  bv  trains  on  the  P.  R.  R.  nearlv  one  half 
are  on  the  Delaware  extension,  and  of  the  35  street  crossings  on 
that  division  but  IS  are  found  between  Thirty-second  and  Market 
and  Greenwich  Point,  a  distance  of  about  7  miles,  the  remaining 
17  are  along  the  Delaware  front  up  to  Dock  Street.  Nearly  all 
being  in  si)arsely  settled  districts  with  very  little  street  or  road 
travel* 

Of  the  2G  on  the  Connecting  R.  R.  there  are  but  9  between  the 
depot  and  Frankford  Junction,  and  of  the  37  on  the  Kensington 
branch  20  are  south  of  the  junction.  As  will  be  seen  therefore, 
these  do  not  interfere  seriously  with  travel. 
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Running  on  down  the  list,  we  see  from  the  ruhimn  of  remarks 
that  there  are  155  trains  from  Nintli  and  Green  ^Streets  to  the 
jimction  at  Six  teen  tli  Street,  which  pass  over  26  grade  crossings, 
giving  an  aggregate  of  4030  train -crossings  on  this  brancli  ah>ne, 
and  that  in  a  portion  of  the  city  where  the  travel  is  freijueut, 
thus  causing  nnmerous  interruptions.  This  is  a  point  then  that 
will  need  further  special  attention,  for  it  does  not  become  us  to 
suggest  an  evil  without  providing  a  remedy. 

On  the  Richmond  braneii  there  are  1472  train-crossings,  from 
the  Berks  Street  depot  out,  at  least  1248  more,  and  on  Willow 
Street,  etc.,  1144,  all  of  which  are  in  thickly  settled  parts  of  the 
city.  The  existence  of  these  grade  crossings  is  a  source  of  con* 
tiuual  delay,  danger  and  expense,  and  therefore  the  following 
plan  is  suggested  for  their  removah 

Proposed  Improvements, 

Philadelphia  and  lieadinfj  System. — It  will  be  seen  by  an  exami- 
nation of  the  map  that  the  locations  of  some  of  the  branches  of 
tliis  mad  are  very  cireuitoua  The  Richmond  branch  makes  a 
ddtour  to  the  north  of  over  a  mile,  by  which  grade  is  reduced  at 
the  expense  of  4000  ft.  of  distance.  Still  there  is  an  ascendiDg 
grade  on  that  portion  of  the  road,  requiring  auxiliary  power. 
Tliis  was  undoubtedly  a  good  location^  when  the  traffic  was  light 
and  projierty  of  little  value;  but  now  that  the  tonnage  has  in- 
creasetl  to  4,3<i4,iJ95  net  tons  per  ainmrn,  and  that  the  city  is 
rapidly  covering  the  site  of  the  road,  increasing  the  number  of 
crossing?  and  delays  to  travel,  it  seems  that  the  interest  of  all 
parties  requires  a  tunnel,  to  be  built  from  the  Falls  bridge  under 
Allegheny  Avenue  to  coimect  witli  the  present  lo  eat  ion  at  or  near  1 
Sixth  Street.  By  this  means  the  distance  would  be  reduced  from 
1 9 ,0<  )0  to  1 5 ,000  ft . f  t h e  u se  of  a u  x i  I  i  a  ry  po w e r  1  je  d  i  s [)e n sed  w i  th , 
as  the  grade  couhl  be  made  slightly  descending,  fifty -four  (54) 
street  crossings  either  at  grade  or  by  bridges  would  be  saved ^ 
and  it  is  believed  that  the  annual  saving  on  tlie  transportation 
with  the  value  of  the  property  surrendered  would  more  than  pay 
for  the  tunnel  If  it  cost  four  (4)  mills  per  ton  per  mile  for  coal, 
up  grade,  and  six  {&}  niilla  for  mercliandise, — tlie  actual  cost  to 
Ute  company  for  the  transportation  of  the  freight  of  last  year 
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over  the  present  elbow  must  have  been  about  $100,000, — ^whilst 
by  the  tunnel  on  a  descending  grade  it  would  be  reduced  to  a 
little  more  than  $50,000;  hence  $1,000,000  @  5  per  cent,  might 
be  judiciously  invested  in  the  construction  of  the  tunnel,  which 
ought  be  built  for  that  amount. 

This  being  done,  all  the  freight  on  the  main  line  could  be 
brought  in  via  the  Richmond  and  North  Penn'a  branches  to  the 
depot  at  Front  and  Willow  Streets  without  increasing  the  distance 
to  that  point,  thus  leaving  only  the  passenger  traffic  on  Pennsyl- 
vania Avenue,  but  this,  if  there  were  room  for  it,  could  just  as 
readily  be  transferred  to  the  depot  at  Ninth  and  Green  Streets,  in 
which  case  that  portion  of  Pennsylvania  Avenue  from  Twenty- 
first  Street  all  the  way  to  the  Columbia  bridge  could  be  turned 
into  a  grand  avenue,  the  continuation  of  one  of  the  diagonals 
suggested  in  the  first  part  of  this  paper,  forming  the  most  direct 
connection  between  the  city  and  the  Park. 

This  plan,  it  will  be  observed,  is  contingent  upon  increased 
accommodations  at  Ninth  and  Green.    Let  us  see  if  it  be  possible 
to  effect  them.     There  are  already  155  daily  trains  to  and  from 
that  depot,  while  from  tlie  Broad  Street  depot  there  are*  but  14 
passenger  trains.     The  increase,  therefore,  would  be  but  a  small 
j)ercentage  of  the  present  amount  of  travel,  and  could  i)robably 
be  provided  for,  but  as  there  are  already  too  many  dangerous 
crossings  on  this  line  (the  number  of  train-crossings  being  over 
4,000    per   diem,)  I   should    heartily   recommend  elevating  the 
tracks  from  beyond  Broad  Street  all  the  way  down,  and  consoli- 
dating the  depots  at  Tliirteenth  and  Callowhill  and  Ninth  aiiJ 
Ureen  in  a  new  one  at  Ninth  and  Callowhill,  where  there  seem 
to  be  some  strong  inducements  for  its  location.     From  Spring 
Garden  Street  nortli,  Ninth  Street  is  70  feet  wide  between  buiW- 
ings,  50  feet  between  curbs;  whilst  south  of  that  line  it  is  but  40 
feet  wide,  2(3  feet  between  curbs,  so  that  it  would  be  necessary  to 
widen  it  from  Callowhill  to  Spring  Garden.     Fortunately  there 
is  a  small  street  lying  west  of  and  nearly  parallel  to  Ninth  (Can- 
tun  Street,)  which  is  30  feet  wide,  and,  at  the  southern  end,  only 
about  8  feet  distant  from  Ninth  Street,  while  at  its  northern  end 
on  Buttonwood  it  is  90.9  distant.     ]5y  purchasing  this  trapezoidal 
block  of  old  buildings  the  space  could  readily  be  extended  from 


40  to  78  feet  at  Callowhill,  and  about  167  feet^  if  neees3ar>%  at 
Button wcjod.  It  only  remains  then  to  buy  a  strip  on  the  west 
side  uf  Ninth  between  Button  wood  and  Spring  Garden  3(i  feet 
wide  to  produce  the  full  70  feet  width  of  Ninth  Street  tlirough  to 
CallowldlL  This  w^ould  provide  for  five  or  six  lines  of  track  on 
an  elevated  road,  and  furnish  abundant  room  for  all  the  traffle 
for  many  years.  A  depot  at  this  site  would  be  but  an  eigl.t 
minute's  walk  from  Xinth  and  Market.  It  is  not  proposed  to 
abandon  the  line  on  Willow  Street,  but  to  use  it  merely  fur  ship- 
ping the  article.'^  now  njanufactured  by  tlie  numerous  establisli- 
ments  to  wiiich  it  is  tributary. 

These  two  improvements,  the  tunnel  and  elevated  road>  w^ould 
ultimately  reduee  tlie  number  of  tnnn-crossings  by  about  11,000, 
and  enable  the  trains  to  make  better  time  with  less  risk  Uy  all 
parties,  thus  removing  the  barriers  to  the  east  and  south  of  that 
lari^e  uiid  j«>pulous  section  lying  nr^rth  of  Pennsylvania  Avenue 
and  West  of  Ninth  Street.  By  transferring  all  the  passenger 
travel  from  Third  and  Berks  to  Ninth  and  C'allowhill,  which 
could  then  be  done,  it  would  reduce  the  number  of  train-crossings 
on  Ameriean  Street  and  so  lessen  the  casualties  already  too  nu- 
merous in  that  section  of  the  city. 

Philadelphia,  Germantowk  and  Chestnut  Hill  Branch, 

A  glance  at  the  location  of  this  road  shows  a  large  elbow  at 
I)uy*8  Lane,  whence  the  road  runs  for  half  a  mile  at  right  angla*? 
to  lils  general  dirtK.nion,  This  location  wa.s  made  about  1S30, 
when  in  wet  weather  the  trains  were  run  by  horj^e-power.  At 
that  time  the  prospective  travel  was  not  sufficient  to  justify  a 
more  cxi^ennive  location,  but  at  present,  l)oth  economy  and  con- 
venience seem  to  require  a  revision  of  the  road  by  wliich  Hve- 
eights  of  a  mile  might  be  saved,  while  the  line  would  be  brought 
nearer  the  most  populous  part  of  Germantown,  yet  not  so  asi  to 
interfere  H"ith  surface  travel,  for  it  would  be  necessary  to  open  a 
tunnel  about  3,iH.)U  feet  long  under  Main  Street  where  a  station, 
b^iphuuld  be  built.  The  total  length  of  the  line  connecting  Wayne 
Street  with  that  at  C^rmantown  won  hi  be  less  than  7,000  feet^ 
and  would  tbrui  almo-st  a  straight  line  from  Chestnut  Hill  to  the 
Sixteenth  Street  junction. 
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To  provide  for  the  rapidly  increasing  population  south-west  of 
the  Main  Street  in  Germantov\^n  and  Chestnut  Hill,  a  new  line  is 
projected  by  the  P.  R.  R.  This  branch  will  pass  within  half  a 
mile  of  the  Norristown  Junction,  to  which  it  should  be  connected 
by  a  short  line,  thus  enabling  passengers  to  reach  the  centre  of 
the  city  by  the  shorter  route  down  Ninth  Street,  instead  of  mak- 
ing a  detour  of  almost  two  miles  further  through  West  Philadel- 
phia, for  the  present  relations  of  these  two  great  transportation 
companies  ought  not  to  be  a  bar  to  the  convenience  of  the  travel- 
ing community. 

The  p.  W.  &  B.  R.  R. 

This  line  has  over  2000  train  crossings  within  city  limits  (the 
freight  trains  not  being  reported),  and  is  located  in  a  thickly 
settled  part  of  the  city,  having  numerous  lines  of  street  railways. 
It  should  be  elevated  from  the  crossing  of  the  Delaware  exten- 
sion, to  the  elevator  at  its  eastern  terminus.  Thus  the  ground 
plan  of  the  city  would  be  practically  free  from  grade  crossings, 
from  Snyder  to  Alleghany  Avenues,  and  from  Front  Street  to  the 
Schuylkill,  and  yet  the  railroad  service  be  much  more  rapid  and 
fully  as  efficient,  wliilst  tlie  public  would  be  better  accommodated. 
For  efiicient  sulnirban  trafHc,  the  lines  of  railroad  should  not  ])e 
more  than  about  one  mile  ai)art,  with  stations  at  tlie  same  dis- 
tance, tluis  limiting  the  time  required  to  reach  them  to  from 
eight  minutes  to  zero. 

Transportation  p.y  Water. 

Under  this  head  I  have  very  little  to  add  at  present,  but  there 
is  one  fact  to  whicli  I  desire  to  call  attention.  It  has  been  cus- 
tomary for  many  years  to  ship  nearly  all  of  our  foreign  exports 
from  the  Eastern  Kiver  front,  making  it  necessary  to  transj)ort  a 
large  amount  of  tonnage  across  and  through  the  city,  at  great 
expense  and  inconvenience,  only  to  be  immediately  trUns-shipped 
to  vessels  and  taken  by  them  directly  to  sea.  An  inspection  of 
the  rej)ort  of  tlu*  Collector  of  Customs  for  last  year  (1880),  shows 
the  principle  items  of  ex[)ort  to  have  been,  of  breadstufls  (corn, 
wheat  and  fiour),  §25,978,840;  of  })etroleum  and  its  ])roducts, 
^5,102,090;  of  bacon  and  lard,  §5,818,145;  of  cotton,  §2,883,820; 
and  of  coal,  §208,237. 
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Of  the  above  items*  a  very  small  percentage  require  any  ma- 
nipulation or  hanrlHug  in  milk  or  factories  in  the  City,  to  pre- 
pure  them  for  shipment  and  lieuce  they  miyht  he  Kmcled  upon 
vessels  at  a  point  at  leas^t  7  niilcrf  nearer  the  st*a  thus  slaving  the 
cost  of  that  amount  of  transportation  to  tiie  sfhipper.  It  whs  only 
BiMntJy  that  elevators  were  erected  at  Girard  Point  where  a  hirge 
BTnuunt  of  grain  i:^  now  handled— and  it  is  there  that  all  of  tht* 
e5steti*sive  lureign  cnnnin.*roe  of  the  city  shtaihl  bo  loeated.  There 
|is  good  water  at  the  month  of  the  Sclmylkill  on  either  bank  and 
rtioni  to  extend  the  wharfage  almost  indefinitely  by  the  construe- 
tion  of  ha^iiins  ^milar  tn  tlio^^e  of  the  eonimercial  citits  uf  Enghind. 
The  Hor.^e-ythoe  ShoaU  would  be  avoiiled  with  their  dangers  and 
dehiyii,  distance  would  he  saved  both  on  hnicl  and  w^ater,  rents 
for  tlie  s^tevedores  and  employee^*  would  be  lei^s,  the  value  of  real 
ps^tate  is  lower  than  that  now  occupied  by  the  extensive  elevators 
iind  wartdiuu.se.'^  in  tlie  built  up  part  of  the  eity  and  the  intt^rrup- 
lion^  and  dangers  to  travel  from  the  numerous  and  long  freight 
trains^  erossing  the  city  streets  at  gratle  would  be  far  les?^  fre- 
l}uetit  It  would  seem  therefore  a  wise  policy  to  devote  that  ex- 
Ireme  southwestoru  section  of  the  city  to  the  interef^t  of  uur  for- 

II  commerce. 
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ANNUAL  REPORTS. 


I.    Annual  Report  of  Treasurer, 

January  IKA,  1880,  to  January  10th,  1881. 

The  Engineers'  Club  of  Philadelphia  in  account  with  Alfred  R.  Roberts  Treat. 

DR. 

To  Balance,  Cash  on  hand  Jan.  11th,  1880,   .         .         .  $136  4o 

"  Annual  dues, 603  75 

"  Initiation  fees,* 155  00 

"  Subscriptions  to  Proceedings,        ....  145  00 

"  Sales  of  Proceedings, 14  70 

"  Deposits  on  keys, 17  50 

"  Sundry  receipts, •      9  72 


CR. 

By  Rent  of  Rooms,         .        .        .        . 

"  Printing, 

"  Lithographing,  .        . 

"  Stationery, 

"  Postage, 

"  Distributing  Proceedings,     . 

"  Keys  to  rooms,  .... 

^'   Exi)re.ssa<2:e,  ..... 

''   Sundry  bills 

''   Balance^  Cash  on  liand  Jan.  lOflij  1881, 


11082  12 

$300  00 

412  70 

103  95 

97  15 

37  20 

644 

13  80 

2  1") 

2  2-2 

l(l(>  51 

S1()S2  12 


II.     Annual  Report  of  the  Recording  Secretary, 

For  the  year  1880. 

Mr.  Presidrnt  and  (rcniknicn  : 

The  third  fiscal  year  of  the  Club  will  have  ended  with  this 
meeting.  During  the  past  year,  twenty  meetings,  comprising 
twelve  regular,  five  business  and  three  special,  have  been  heM, 
with  an  average  attendance  of  nineteen  members.  At  the  regular 
meetings  twelve  visitors  have  been  present. 

Tlie  membership  of  the  Clul)  has  been  increased  by  the  election 
of  forty-two  memljei's,  and  decreased  by  the  loss  of  ten  members. 
In  tlu;  j)resent  list  of  members  we  have  three  honorary,  nine 
corresponding,  and  one  hundred  and  thirteen  active  members, 
making  one  hundred  and  twenty-five  in  all. 
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The  meetings  of  the  Club  and  Board  of  Directors  were  sus- 
pended duririiT  the  summer  mouths.  With  this  exceptioii,  the 
Board  have  held  their  regular  monthly  meetings  and  two  special 
mettiugs. 

The  transactions  of  the  Board  contain  but  little  of  general 
interest  to  the  Club,  being  essentially  of  a  routines  nature,  for  the 
approval  of  bills,  nominations,  etc, 

Xo  arrangement  has  been  recommended  in  regard  to  the 
subject  of  joint  publications,  and  the  Proceedings  will  continue 
to  be  published  as  heretofore.  At  the  last  meeting  of  the  Board 
it  was  decided  to  consider  one  volume  of  the  Proceedings  as 
eomprimng  about  three  hundred  pages. 

Printed  notices  of  all  meetings  have  been  sent  to  each  member, 
but  their  sending  has  been  sometimes  delaj^ed  beyond  the  time 
specified  in  the  By-Laws  in  order  to  include  the  report  of  the 
Committee  on  Information.  Iti  regard  to  this  committee,  I  would 
suggeM  that  its  efficiency  could  be  iTicre£i.^cd  by  placing  it  under 
tlie  supervision  of  one  permanent  chairnuiU,  who  could  nuike 
appointments  far  enough  ahead  to  control  and  arrange  a  suitable 
programme  for  each  meeting. 

The  steady  growth  and  jirogress  of  the  Club  during  tlie  past 
is  a  subject  for  congratulation  and  guarantee  for  its  future  success. 

Very  respectfully, 
WiLFKEB  Lewis,  liccordinff  Secretary. 


IIL      AKNtfAL   RePOHT    of   THE    CoRUESPOXDIXG    SECRETARY^ 
For  tft€  yatr  tfuimtf  Jammr^  ^tk^  1 881. 

Jtfr.  Premdrnt  and  Gmtkmm: 

I  have  the  honor  to  present  the  following  as  the  third  annual 
report  of  the  progress  of  the  Engineers'  Club  of  Pbihidelphia, 
Ab  the  retort  of  the  Recording  Secretary  will  inform  you  as  to 
thelueetings  of  the  Club  which  have  been  held  during  the  year, 
and  that  of  the  Treasunn*  as  to  its  financial  progress  and  condi- 
tion, I  shall  confine  myself  to  other  mattei*s  connected  with  the 
history  of  our  third  fiscal  year. 

It  is  unnecessary  to  reiterate  the  assurances  of  previous  reports 
that  the  Club  is  upon  a  secure  foundation  and  has  uidimited 
prospect  of  interest  and  usefulness. 

Our  increase  of  membership  is  one  decided  indication  of  our 
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prosperity  and  of  the  necessity  which  existed  for  an  organizaticm 
of  this  kind  in  Philadelphia,  When  w©  remember  that  our  bc^ 
ginning  was  a  small  and  informal  association  of  gentlemen,  whiA 
met,  in  tho  residonee.s  of  the  members,  for  social  intercourse  aiU 
discussion  of  scientific  topics  of  mutual  interest,  and  that  on  De-  ■ 
cember  17th,  1877,  but  little  over  three  years  ago,  the  first  move 
towards  organization  was  made,  we  should  certainly  feel  nmcli 
encouraged. 

X  have  carefully  compiled  a  list  of  the  membership  from  the  J 
beginning,  from  which  I  have  obtained  and  submit  the  fol^jwing  ' 
statemout  of  our  growth : 


Persons  identified  with  the  foundation  of  the 
Club  and  rated  as  Active  Members,  Jan. 
19th,  1878,  ,,••,, 

1878.     Additions,       .        ,        r      , 

"       Changed  from  Active  to  Corresponding, 

2 

1 
i 

2! 

Act 

i 

n 

27 

"        Deceased, 

'*        lvesio;nation,    ..... 

1 

1 

1S71).     Additions,       ..... 

2 

1 

1 

1 

1 
I 

1 

1 
i 
1 

8 
1 

1 

47 

3y 

"        Changed  from  Active  to  Corresponding, 

86 

1 

"        Deceased, 

8.5 
1 

"        Resignations,  ..... 

84 
3 

18S0.     Additions,        .     '    . 

"        Chan<;ed  from  Corresponding  to  Active, 

2 

1 

10 
1 

81 

41 

1 

"    Resignations,  etc.,       .... 

123 
10 

3 

9 

113 
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[While  it  would  appear  from  the  foregoing  that  tht^  mi  addition 

mr  active  membership  was  less  by  two  members  than  during 

previous  >x*ftr,  it  should  be  considered  th 


t  the  number  of 
sideiit  engineers,  upon  wliich  to  draw,  has  been  diminished 
and  tliat  the  faihire  to  pass  the  eonstitutioiud  araendnient  ereiit- 
ing  the  class  of  non-resident  members,  at  our  last  anmial  meeting 
much  to  do  with  this.  Several  of  the  resignations  received 
*re  no  dou1»t  due  to  tlie  latter  caase,  and  non-residents  of  Phihi- 
Iphia  have  uot  felt  that  any  compensating  inducements  have 
?n  offered  tliem  to  join  the  Club. 
[One  record  in  this  connection  should  be  made  w^ith  Ihankful- 
This  is  the  first  year  in  our  history,  in  which  we  Imve  not 
?n  called  upon  to  regret  the  loss  by  death  of  one  of  our 
lemViers. 
That  til  which  we  owe  our  greatest  success  and  standing,  at 
jnie  and  abroad,  has  been,  as  heretofore,  our  publication.  Our 
L-eedings  are  no  longer  an  experiment.  We  find  that  we  are 
S>le  to  niaintain  them  and,  as  the  newer  members  of  the  Club 
ive  contributed  so  largely  during  the  past  year^  we  have  much 
expect  from  those  niembei's  recently  acquired  and  frfmi  the 
^e  number  of  j>ersons  who  will  unite  with  liie  Club  betbrc  the 
^pirattun  of  the  year.  The  relative  place  occupied  by  our  publi- 
Uons  and  those  of  other  local  societies  of  the  country,  we  leave 
be  detenTiined  by  others,  but  we  must  not  fail  to  hold  our 
sent  position. 
By  the  issues  of  the  past  year  Voh  I  has  been  comjdeted  and 

«oL  II  has  reached  its  *SUth  page,  and  we  are  happy  to  state  that 
^  were  able  to  insert  tlie  seven  illustrations  in  the  last  number 
||tbout  exjiense  to  the  members.  We  are  almost  ready  to  go  to 
hess  with  another  number,  and  the  prospects  are  that  it  will  be 
equal,  at  IcjLst,  to  any  that  Inive  gone  before  it.  But  just  here  let 
nie  remind  the  members  of  the  Club  of  the  great  inijjortauce  of 
each  doing  his  duty  in  contributing  to  tliis,  wliicb  is  the  real 
result  of  the  work  of  the  Chib.  How  few  engineers,  in  any  kind 
of  practical  experienc6t  for  even  a  few  years,  have  not  met  with 
cumnionjjhice  or  peculiar  cases  of  success  or  failure,  a  description 
of  which  would  be  of  benefit  to  their  professional  lirethrcji.  Our 
method  of  bringing  the  ioformatiou  of  the  members  before  the 
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Club  through  a  rotating  commillet-j  hus  maDy  decidtMi  a^kMi- 
tages ;  and  may  I  not  urge  each  of  you,  whenever  a  menikE 
thereof,  which  will  be  but  for  three  cousecutive  meetiags  in  tfe 
year,  to  always  contribute  somethinf/^  bu  it  ever  so  little. 

It  is  most  desirable  that  you  sliould  be  present  and  read  ta 
original  paper  upon  any  engineering  subject;  next,  if  you  ait* 
not  do  this,  that  you  bring  for  exhibitioa  any  drawings,  pbcjilj^ 
graphs,  models,  etc.,  of  engineering  works  or  details  of  constra^ 
tion  that  may  be  at  your  disposal,  but  if  tliia  also  its  im[Hi>>ilils;. 
that  you  should  read  to  the  Club  any  extracts  from  engiui^^ni^ 
books  or  journals  or  items  that  may  strike  you  as  of  sp«dJ 
interest. 

The  Board  of  Directors  has  decided  that  our  Proceedings  ibll' 
hereafter  be  arranged  in  volumes  uf  300  pages  more  or  les*,  tbati 
regular  subscription  list  for  the  same  shall  be  continual,  8I1I 
that  advertisements,  of  entirely  appropriate  charact^  fliid  nit 
occupying  more  than  sixteen  pa^^es,  may  he  inserted.  If  m 
would  consider  it  more  desirable  that  the  "ci4a"  should  be  omitlai 
they  should  remember  that  they  give  to  our  pub]icatir>nj*  la 
American  character  which  should  by  no  means  be  det^jiiseJ. 

Endeavor  has  been  made  to  obtain  pound  rates  of  pojtu;it:  w 
our  Proceedings,  and  eorrespondenue  upon  the  subject  with  tlx 
authorities  in  Washington  carried  on,  but  so  far  in  vain,    Whik 
it  is  eminently  proi)er  that  tlie  niiuiy  vahiaUle  new.spapers  mi 
periodicals  of  the  country  should  be  distributed  at  the  lo»( 
possible  rates,  it  is  a  simple  oulraf/e  that  a  scientific  society, 
object  of  which  is  the  disseminatinn  of  useful  knowledge,  slid 
be  compelled  to  i>ay  over /o</r  ^//ncs  the  postage  required  of 
most   insignificant    county   news|>aper  in    the   backwoods, 
united   etlbrt   on   the  part  of  the    Americau  stnentifie  socii 
should  be  made  to  correct  this  evil. 

During  the  past  year  the  following  uriginal  papers  have 
read  before  the  Club: 

Linkages  for  X™,  by  Frank  T.  Freeland, 

The  Light  House  System  of  the  Deluwarf  River  from  thelltii 
of  the  Bay  to  Philadel[)hia,  by  Edward  I'arrish* 

Ivecent  Improvements  in  Percussion  Ituck  Drills,  bv  F*  L 
Miller. 
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|A  Machine  for  the  Solution  of  the  Equation  of  the  Nth  Degree, 
F.  T.  FreelancL 

'ho  Mexico  and  Vera  Cruz  Railroad,  hy  Coleman  Sellers,  Jr, 
[Kapid  Transit  in  Philadelphia,  hy  L.  M.  llaupt 
A  Xew  Method  for  the  Quantitative  Determination  of  Combined 
\rimn  in  Cast  Iron  and  Steel,  by  D,  Town  send, 

lie    Future    Sewerage    Requirements    of    Philadelphia,   by 
ldn1[>h  11  ering, 

7Jk?  following  notes  and  communications  have  been  presented: 
[The  Tay  Bridge,  by  Me*ssrs.  Ilering,  Roberta  and  Murphy. 
fWater-way  of  Bridges  in  Worcester,  Masaaehusetts,  by  T:  M, 

^mann. 
[The  Lowering  and  Boxing  of  the  Egyptian  Obelisk,  by  C.  R 
llltn. 
The  Cfonioraeter  Used  on  the  Allegheny  Portage  Railroad,  by 
It.  Rolierts, 
[Various  Types  of  Locomotive  Engines,  hy  W.  G.  Neilson. 
fEarly  Railroading  and  Coa!  Trarie,  by  Israel  W.  Morris. 
A   Method  of  Ascertaining  the  Day  of  the  Week  Coincident 
Ith  a  f  liveri  Date,  by  Frank  T.  Freoland. 

A  Mel  hod  of  Determining  the  Years  in  which  February  Has 
Ivc  Sundays,  by  Frank  T.  Freeland. 

Tlie  Maximum  Flow  of  lliv^ers,  by  C.  G,  Darrach  and  Rudolph 
Heririge 

Matsihiim's    Instrument   for  Solving  Triangles,  by    Howard 
Murphy. 

An  Instrument  for  Determining  the  Position  of  Slope  Stakes,  by 
H.  A.  Freeman. 
Ha  Submarine  Explosion,  by  Frederic  Graff, 

An  Imjjroved  Apparatus  for  Discharging  Heavy  Cargoes,  by 
J.  J,  de  Kinder* 

The  Metallic  Flow  in  Cold  Punched  Nuts,  by  P,  Roberts,  Jr 
The   Future  Water  Kequirements  of  Philadelphia,  by  C.   G. 
jMrraclj. 

HThe  U.  S.  Coast  and  Geodetic  Survey  of  the  Delaware  River  at 
rhihidelphia,  by  Samuel  L.  Smedley. 

To{K)graphical  Ma[»ping,  by  A.  E.  Lehman, 

Life  and  Works  of  Robert  Fulton,  by  Samuel  L.  Sraedley. 
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Coal  Production  and  Waste,  by  A.  W.  Sheafer. 

A  New  Self-Adjusting  Crossing  Frog,  by  A.  R.  Roberts. 

A  Day  of  the  Week  Coincident  with  a  Day  of  the  Month,  bj^ 
F.  T.  Freeland. 

The  Pollution  of  Rivers,  by  C.  G.  Darrach. 

Narrow  Gauge  Railroads  in  McKean  Co.,  Pa.,  by  P.  W.  Sheafer. 

Trial  Run  on  Bound  Brook  Railroad,  by  A.  R.  Roberts. 

The  Ronquayral  and  Denayrouze  Diving  Apparatus,  by  J.  J. 
de  Kinder. 

Link  Valve  Motion,  by  F.  T.  Freeland. 

The  Improvement  of  Shallow  Rivers,  by  L.  M.  Haupt. 

Improved  Apparatus  for  Transporting  Dredged  Material,  by  J. 
J.  de  Kinder. 

The  Turntable  of  Penrose  Ferry  Bridge,  by  J.  Milton  Titlow. 

Grant's  Self-Cleansing  Water  Filter,  by  L.  O.  Towne. 

The  Large  Anvil  Block  Cast  at  Park  Bros.,  Pittsburgh,  by  C 
T.  Thompson. 

A  Pumping  Engine  for  the  Calumet  and  Hecla  Mining  Co., by 
Charles  T.  Thompson. 

The  Durability  of  Yellow  Pine  Railroad  Stringers,  by  J.  Milton 
Titlow. 

Tlie  Etching  of  Cold  Punched  Nuts,  by  D.  Townsend. 

A  Now  Fuel  from  Coal  Tar,  by  D.  Townsend. 

A  Specimen  of  Cast  Iron  of  Great  Tensile  Strength,  by  D. 
Townsend. 

The  Fontaine  Locomotive,  by  John  T.  Boyd 

The  Strong  Feed  Water  Heater,  by  the  Inventor,  by  invitation. 

An  Automatic  Valve  for  Bilge  Pumps,  by  J.  J.  de  Kinder. 

A  Marine  Signal  Station  on  a  Sand  Foundation,  by  J.  J.  de 
Kinder. 

Im])rovements  Suggested  in  Railroad  and  Street  Communica- 
tion in  Philadelphia,  by  L.  M.  Haupt. 

The  first  notable  event  of  the  year  was  the  reception  of  M.  de 
Lesseps  by  the  Club,  upon  his  arrival  in  Philadelphia,  an  ac- 
count of  which  has  already  been  published  in  our  Proceedings. 
The  extreme  sliortness  of  the  notice  we  obtained  of  his  move- 
ments and  of  his  stay  in  the  city,  allowed  but  little  to  be  said  or 
done,  but  we  gladly  embraced  the  opportunity  to  pay  all  possible 
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crt  to  M.  de  Lessepsasa  distinguished  visitor  and  as  eminent 
having  eonducted  one  of  the  greatest  engineering  works  of  the 
|e,  ahhoiigh  it  v;m  not  tlie  intention  of  the  Club  to  express 
ither  approval  or  disap|n*QVal  of  his  particular  i?rheme  for  divid- 
ing the  Anurican  continent. 

■  Following  the  do  Lesseps  reception  cmme  the  very  polite  and 
■Itractive  invitation  of  the  American  Society  of  Civil  Engineers 
»  participate  in  their  tmniial  convention,  at  St.  Ijouis.    Although 
■le  engagements  of  but  few  of  our  membei^s,  in  addition  to  those 
^ho  are  abo  members  of  the  American  Societyj  permitted  their 
attendance,  it  is,  nevertlieless,  most  gratifying  and  fraught  with 
encouragement  to  the  Club,  that  its  relations  with  our  representa- 
tive anfl  leading  society  shouhl  be  of  so  fraternal  a  character. 
Those  who  went  lo  St.  Louis  can  only  remember  with  the  greatest 
paiisfaction  the  cordial  hospitality  of  the  American  Society  and^ 
in  common  with  them*  of  the  good  citizens  of  tlmt  great  metropo- 
Jii5.     Every  convenience  and  facility  was  placed  at  the  disposal  of 
phe  cDnvention  for  the  examination  of  engineering  w*orks  and 
other  objects  of  interest  in  8t,  Louis  and  viqinitj%  and  each  par- 
ticipant liad  reason  to  feel  thankful  for  the  acfpiisition  of  valu- 
pible  professional  information  aJid  for  tlie  enjoyment  of  the  tra- 
ditional good  fellowship  of  the  profession  and  hospitality  of  the 
Smith  and  West 

Xo  action,  perhaps,  ever  taken  by  the  Club^  was  of  greater 
niblie  importance  than  the  calling  in  convention  at  Harrisburg 
of  all  persons  engaged  in  land  survej^ing  in  Pennsylvania,  for 
^e  consideration  of  means  for  'Hhe  improvement  of  the  present 
ictliods  of  land  surveying,  the  better  location  of  county  and 
llier  boundaries  and  the  collection  of  information  in  regard  to 
ie  geography  and  toi>ography  of  the  sevecal  portions  of  tl;e 
ite."  The  convention  assembled  and  organized  on  October 
|7th,  188t*»  hehl  five  sessionfi,  transacted  business  of  great  inter- 
St,  appointed  important  committees  and  adjourned  to  meet  at 
the  call  of  the  Executive  Committee.  As  a  full  report  of  the 
proceedings  of  the  convention  will  be  published  in  the  next 
number  of  our  journal^  we  need  not  review"  them  at  this  time, 
but  as  engineers  and  public  spirited  citizens  we  are  to  be  eon- 
gratutatc^l  upon  our  success,  insofar  as  we  have  advanced,  in 
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shaping  results  which,  if  achieved,  must  be  of  great  benefit  to  the 
landholders  of  our  Commonwealth  and  to  all  who  should  be  en- 
titled to  practice  the  profession  of  land  surveying. 

A  prominent  topic  of  correspondence  has  been  the  proposed 
joint  publication  scheme,  which  originated,  we  believe,  in  the 
Engineers*  Club  of  Cleveland.  As  the  subject  ha^  already  been 
presented  to  the  Club,  a  detailed  description  thereof  is  uncalled 
for,  and  it  is  sufficient  to  state  that  the  design  of  those  interested 
is,  to  publish,  in  one  pamphlet,  all  the  proceedings  of  all  the 
Engineering  Societies  in  this  country  thM  will  participate.  The 
overtures  which  have  been  made  to  this  Club  have  been  respect- 
fully considered,  and  a  special  meeting  of  the  Board  of  Directors 
was  held  to  give  the  matter  full  consideration,  when  it  was 
determined  that  our  having  already  contracted  for  the  current 
volume  of  our  Proceedings  was  a  sufficient  reason  for  our  decli- 
ning to  take  part  and  reply  to  that  effect  was  sent.  As,  when  we 
began  to  publish,  a  careful  examination  of  methods  was  made 
and  our  present  general  plan  determined  upon;  as  our  foreign 
exchanges  furnish  incontrovertable  precedent  for  the  successful 
maintenance  of  the  publications  of  local  societies;  as  we  cannot 
attribute  to  flattery,  but  must  modestl}^  acknowledge,  many  at 
least,  of  the  eneoiniums  we  have  received;  as  it  is  most  decidedly 
indicated  that  we  shall  be  able  to  nuiintain  our  present  standard; 
and  as  but  one  member  of  our  Club  is  known  to  have  expressed 
himself  in  favor  of  our  partieij)ation,  it  seems  more  than  likely 
that  we  shall  continue  to  publish  as  heretofore. 

The  following  Hoeieties  have  been  added  to  the  exchange  list 
of  the  Club: 

Pi   J^^ta  Scientific  Society  of  the  Rensselaer  Polytechnic 
Institute,  Troy,  N.  Y. 

En'j;ineers'  Club  of  Cleveland. 

Engineers'  Society  of  Western  Pennsylvania. 

C.  S.  Association  of  diareoal  Iron  Workers. 
And  the  following  periodicals: 

The  Ironmonger  and  Metal  Trades  Advertiser. 

Prick,  Pottery  and  CJlass  Journal. 

A  nieriean  Engineer. 

United  Service. 

American  Architect  and  Building  News. 
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Niimenms  coiitriliutioiis  to  the  Library  have  been  received,  nt* 
gifts  and  iu  exehan^re  for  our  Proceedin^^,  aeknowledgnitnt  of 
[Which  may  be  found  in  the  pTOjier  place  in  our  Proceedings. 
Very  Respectfully, 

Howard  Murphy, 

Comsprmding  Secrdary. 


REPORT  OF  THE  COMMI'ITEE  ON  LAND  SURVEYING. 

Presented  Dtcwfiher  4th,  1S80, 

To  the  Engineers^  Club  of  Philadelphia: 

Tlie  conimittec  appointed  to  consider  the  subjects  nf  improvp- 

1      mentjs  in  present  methods  of  land  surveying,  tlie  Wtter  location 

■  of  county  and  other  boundanes,  and  tlie  collection  of  material 

rehitive  to  the  geography  and  topography  of  the  State,  respect- 

I  fully  l>egs  to  report: 
That  after  holding  a  number  of  meetings,  at  which  various 
plans  for  effecting  the  proposed  reforms  and  improvements  were 
consideretlj  the  committee  decided  to  call  a  Convention  of  the 
Engineen?  and  Hurveyors  of  the  StatCj  in  order  tliat  an  opportii* 
nity  naight  be  afforded  all  persons  interested  to  express  their 
views  coneerning  present  methods  and  required  changes.  For 
the  purpose  of  learning  whether  such  a  Convention  would  meet 
Bwith  approval  among  members  of  the  profession^  copies  of  the 
following  circulars  were  sent  to  a  large  number  of  the  surveyors 
and  engineers  in  the  State: 


ENGINEEBi^*  CLUB  OF  PHILADELPHIA. 

1518  CHESTNCT  STREET* 


Mr...., „....„.., ., , 

Al  A  meeting  of  the  Engmeeni*  CluH  held  Mav  lut,  liiSO,  the  undersigned  were 
spixtinttHl  a  ciinijiiittve  on  **lnjiu-ove(ueiit  of  Laud  Surveying  in  Ptjiinajlvuijiii***  The 
,  objecl  in  «|>|>uiqthig  the  commitlee  wim^  tlmt  tljey  **  shnultl  take  into  conHiderntion  tlie 
[pubjeetfi  of  impr&^ementt  in  preMnt  mtthodn  nj  land  Burvetfintjf  the  hfJler  local  wjt  nf  roiint\f 
lUmd  Qiker  6<Ft»mfctrte8,  and  the  colJeeiion  of  iiijiierjiil  reJative  to  the  geoj^raphv  and  topo- 
L  gmphj  of  the  Slate.'^  It  is  thought  Uiiit  thit  be6t  meana  b)'  which  to  attain  Uie  abjecii^ 
TOLt  £L — to. 
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sought  will  be  for  all  the  surveyors  of  Pennsylvania  to  meet  in  convention,  in  order 
that  they  may  discuss  many  important  questions  in  connectirn  with  their  work,  posi- 
tion and  compensation,  and  appoint  special  committees,  from  among  themselves,  whose 
duty  it  shall  be  to  report  to  a  future  convention,  on  proposed  plans  and  changeit. 

Will  you  please  reply,  at  your  earliest  convenience,  on  enclosed  blank  forms,  and 
oblige  Yours,  very  respectfully, 

Samuel  L.  Sbcedley, 

Lewis  M.  Haupt, 

W.  C.  Crammeb, 

John  H.  Dye, 

Chas.  £.  Bjlllin,  OommUke, 


ENGINEERS'  CLUB  OF  PHILADELPHIA. 
Mr 


j^  ,188a 


Deab  Sir: — 

Please  fill  in  answers  to  the  following  questions  and  return  at  an  early  day. 

Will  you  attend  a  Convention  of  the  Surveyors  of  Pennsylvania,  to  be  held  io 
Harrisburg  next  fall  ? 

'Do  you  prefer  some  other  place  of  meeting?    If  so,  give  name  of  City. 

Which  month,  September  or  October,  will  be  most  convenient  for  you  to  attend 
Convention? 

Please  mention  subjects  whidi  you  deem  of  most  imj)ortance  for  consideration,  and 
upon  which  tlie  Convention  should  take  some  action 

******** 

Sign  full  name 

And  address 


ENGINEERS'  CLUB  OF  PHILADELPHIA. 

JiUy    ,  1880. 
Mr 

Dear  Sir:— 

Please  send  me  a  list  of  names  and  addresses  of  surveyors  or  Engineers  in  your 
County,  whom  you  think  will  be  interested  in  advancing  the  objects  of  the  accom- 
panying circular,  and  who  should  be  invite<l  to  attend  the  convention. 

Yours  Very  Truly, 

Chas.  E.  Billin, 

Chairman, 
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In  reply  to  these  circulars  the  committee  received  a  large 
[number  of  answers.  The  subjects  suggested  in  thuse  replies  as 
|imiK*rtant  for  consideratioo  and  discussion  were  as  follows: 

Be^t  mean^  by  which  all  land  measurement  can  be  made 
[perfectly  horizontal. 

Magnetic  variation — its  causes  and  value. 

The  location  of  a  true  meridian  line  in  each  county. 

Survejirig  by  truo  meridian  to  be  mada  compulsory. 

Fixing  corners  and  marking  lines. 

The  locution  of  lines  independent  of  the  needle. 

Fees  and  compensation  of  surveyors. 

In  St  rumen  ta 

Location  of  street  lines  in  boroughs  where  there  aro  no  original 
centre  stones. 

Grading  of  streets  and  sidewalks. 

Abandonment  of  the  needle. 

A  systeUT  of  triangulation. 

Examination  of  surveyors. 

The  location  of  county  and  township  lines* 

Maximum  grade  for  roads. 

Standard  measures. 

A  Iji^tter  system  of  recording  surveys. 

Surveyors  to  be  held  resjKHinible  for  their  w^ork. 

The  simplest  method  of  detcrtniidng  the  true  meridian, 

T\w  i>rol>able  cost  of  triangulation  in  each  county. 

Metric  system. 

The  fieriodical  tests  of  instruments. 

The  erection  of  permanent  monumenta 

The  po^itjon  of  county  surveyor  to  be  made  one  of  appointment. 

The  erection  of  a  Board  of  Stiite  Engineers. 

The  correction  and  control  of  roads,  bridges  and  streams. 

In  order  that  the  work  of  the  proposed  Convention  should 
attain  definite  results,  the  committee  prepared  an  act,  the  several 
Si>ctions  of  which  provided  for  earrjing  out  some  of  the  above 
important  suggestions. 

ArrangeraentB  were  made  with  the  Pennsylvania  Railroad  for 
the  transportation  to  and  from  the  Convention,  and  the  following 
invitation  sent  to  the  .surveyors  and  newspapers  in  the  State: 
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ENGINEERS'  CLUB  OF  PHILADELPHIA, 

1618  CHESTNUT  STREET. 

S^pUmber    ,1880. 
Mr 

Deab  Sir: 

You  are  cordially  invited  to  attend,  and  participate  in  the  discossions  at  a  CooTen- 
tion  of  Surveyors  and  Engineers,  resident  in  Pennsylvania,  which  will  be  held  in 
Harrisburg,  commencing  Wednesday,  October  27th. 

In  response  to  a  preliminary  circular  issued  by  the  undersigned  Committee,  a  vm 
large  number  of  answers  have  been  received.  From  these  it  appears  to  be  the  anani- 
mous  opinion,  among  Surveyors  and  Engineers  of  this  State,  that  there  are  many 
much  peeded  reforms,  in  connection  with  methods  of  land  surveying,  etc,  and  that  a 
most  valuable  opportunity  for  the  discussion  of  present  methods,  of  proposed  improTe- 
ments,  and  of  the  position  and  compensation  of  Surveyors  can  be  afforded  by  holding 
a  Convention,  at  which  time  also  special  committees  can  be  appointed,  whose  duty  it 
shall  be  t<)  report  to  a  future  Convention  on  proposed  plans  and  changes. 

The  Penna.  R.  R.  Co.  have  very  kindly  furnished  the  Committee  with  orders  call- 
ing for  the  sale  of  tickets,  at  half  rate,  to  Harrisburg  and  return,  from  all  stations 
along  the  line  of  their  several  roads.  Persons  attending  the  Convention,  and  thdr 
families  can  obtain  tickets  at  this  reduced  rate  only  upon  presentation  of  an  order  for 
each  ticket  needed,  and  must  notify  the  Committee  immediately,  as  to  how  many 
orders  they  wish.  Arrangements  have  been  made  for  accommodations  at  the  Lochiel 
Hotel,  at  the  reduced  rate  of  $2.00  per  day.  The  Lochi-1  Hotel  will  be  the  head- 
quarters of  the  Committee  wliile  in  Harrisburg.  Meetings  will  be  held  in  Shakspeare 
Hall,  Locust  Street  between  Second  and  Third  streets.  The  first  session  will  c>>n!- 
mence  Wednesday  evening,  October  27th,  at  8  o'clock,  when  the  Honorable  Henry 
M.  Iloyt,  Governor  of  Pennsylvania,  will  address  the  Convention.  Addresses,  on 
some  of  the  more  imjwrtant  reforms  wliich  the  Convention  ought  to  consider,  will  W 
ma  le  by  prominent  Surveyors  and  Engineers.  Sessions  to  ertect  organization  and  for 
general  discussions  will  he  held  in  the  same  Hall  on  Thursday  and  Friday  (2Hthand 
29th),  at  hours  to  l)e  aimounced.  An  opportunity  to  visit  the  many  points  of  iniert^t 
in  and  ahotit  Harrisburg  will  be  afll^rded  persons  attending  the  Convention. 

Following  are  some  (►f  the  many  important  subjects  which  have  been  urged  ui)on 
the  Committee's  attention  and  which  should  be  fully  discussed  in  the  Convention: 

PROVISION  BY  STKICT  LAWS  FOR 
Periodic  Tests  of  Instruments— (Chains  and  Compass). 
Horizontal  measurement. 

Establishment  of  standard  measures  and  true  meridians  in  each  county. 
Surveys  to  be  recorded  and  plotted  from  true  meridian  only. 
Marking  corners  and  lines  and  the  maintenance  of  such  monuments  or  marking?. 
Retracing  and  permanently  marking  county  and  township  lines. 
The  examinations  of  all  surveyoi-s  jis  to  their  j)rofessional  ability. 
Surveyors  to  be  held  respfnisihle  for  their  work. 
The  abandonment  of  the  needle  in  Surveying. 
A  more  uniform  system  of  fees  and  compensation  to  Surveyors, 
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There  ahmdil  ftko  be  consider  tUe  ailviaabilit?  of  providing  for  a  tJiormigb  Geodetic 
Snrvev  of  the  Stnte,  of  ort^iUing  n  Boiird  of  lSuils>  Eng-meers,  of  linking  tht!  position  of 
'Burveyor  one  of  iip|:»ointmenL  by  tlie  judges,  and  prohtbiiing  any  tut  authoriKed  Snr- 
^eyont  from  re<x>rding  work* 

It  lA  Imped  ihnl  petvina  attending  will  be  prepared  to  tiike  an  Retire  interest  in  the 
work  of  the  Coiivetilion  und  to  give  nutJitsntit:  datn  in  regard  to  present  metliOfla  of 
ffiirTeying,  the  corKiiliuti  of  boundflrit^,  n^:irk!*,  etc.,  utv,^  in  tlieir  nsHpective  jiortioMB 
of  thp  Stiite*  If  surveyors  will  bring  their  tmuHits,  or  compflfl«^  and  eiiains  with 
theon  iin  ttpynrUinity  wilt  heafl'oriled  for  muking  tests  of  these.  It  is  expected  thsii 
wevcrnl  well-known  infitniment  milkers  will  have  aped  mens  of  recent  and  approved 
fornix  of  instrumtfuts  on  ejtiabition. 

Surveyors  who  will  not  be  able  to  attend  tlie  Convention  in  perstm  are  eamefltly 
requested  lo  s^nd  lo 

Mr.  CHAS.  K  BILLIK, 

CAuirwja?!  0/  Qjjmniftec  on  Land  Surve^m^^ 

1618  Chestnut  Street,  Phihidelphia,  Pa., 

mny  remarks  or  ftngg^tions  whtcli  thty  may  wirth  u>  have  rend  bef^Lire  the  CoDTentloiiii 
The  Commitiee  will  l>egbid  to  receive  the  mmieii  i»f  all  fM-'nion**  who  mtiy  l>e  inter- 
ested in  pnitnnting  refarms  and  Impmvemeutj*  in  *iurveylng  and  engineering  work  in 
|ht»  Suitt?,  in  order  that  in  vi  tut  ions  may  lie  seut  to  theni, 

You  nne  particidarly  reqiite*ted  to  give  the  Committee  an  early  answer  whether 
on  will  l»e  ikhh  to  attend  the  Convention^  and  to  i»tate  what  tnimportation  and  ac- 
commodation a  YOU  may  desire. 

Very  ReFtpectfnUy  Youm, 

Lewis  M.  FlAitFT^ 

John  H.  Dve, 

W,  C.  Cranmeb, 

Cha&  E.  Bjlijn,  Chairman, 

Committee  on  Land  8urt?t^nff, 


Mr...... 

Ediiar  (if„ 


ENGmEERS*  CLUB  OF  PHILADELPHIA, 

SepteijUKf    ,  ISSO. 
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D£AE  81  r: 

We  enclose  to  ynn  an  advance  copy  of  aein^tihir  nf  ibe  Commitlet*  on  Land  Surrey* 
lug  of  tlie  Enpjineery'Club  of  Philadelphia.  Tiie  work  undertaken  by  the  Committee 
y  very  great,  and  we  trust  that  owing  to  it8  iinportant^e  to  every  interest  of  the  Com- 
mtm wealth,  it  will  ret^ive  yonr  kindly  aid. 

Will  you  pl^ajie  pnbtitih  ihe  dreiilar  in  full,  with  such  remarks  regarding  it^  aa  you 
may  d(*em  bej*t,  in  the  eobnnn^  of  yotir  vcdnidde  paper.    The  publicity  iliuB  given  to 
it  will  be  a  material  aid  in  furthering  the  work  of  the  Committee. 
Very  Respectfully  Yonrs^ 

Charles  E,  Bii.lin, 

Chairman  of  CbmmiiUc 
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At  the  request  of  your  committee,  the  Engineer's  Society  of 
Western  Pennsylvania,  appointed  a  committee,  consisting  of 
Messrs.  Fisher,  Ehlers  and  Edeburn,  to  attend  the  Convention 
and  to  cooperate  in  advancing  proposed  reforms.  These  gentle- 
men rendered  most  eflBcient  service  in  the  work  of  the  Convention. 

Your  committee  met  the  surveyors  of  Pennsylvania  in  Harris- 
burg  on  October  27th,  and  organized  the  Convention.  The 
following  minutes  of  the  Convention  are  submitted  as  showing 
the  work  done,  and  because  they  contain  valuable  information. 

CONVENTION   OP  ENGINEERS    AND  SURVEYORS.   RESIDENT  IN 
PENNSYLVANIA,  HELD  IN  THE  HALL  OP  THE  HOUSE 
OP  REPRESENTATIVES,  HARRBBURG. 


Minutes. 

First  Session. — Wednesday  evening,  October  27th,  1880.— The 
meeting  was  called  to  order  by  Mr.  Charles  E.  Billin^  Chairman 
of  the  Committee  on  Land  Surveying  of  the  Engineers'  Club  of 
Philadelphia,  who  remarked : 

*' Gentlemen. — As  cliairman  of  the  committee  which  issued  the 
call  for  this  Convention,  permit  me  first  to  thank  you  for  the 
liearty  good  wislies  which  you  liave  all  expressed  for  the  success 
of  the  Convention.  The  committee  have  received  a  very  large 
numl)er  of  letters  from  prominent  surveyors  and  engineers  wish- 
ing us  God-speed  in  accomplishing  the  object  sought,  viz.,  im- 
provements in  the  methods  and  practice  of  land  surveying,  and 
the  future  organization  of  thorough  geodetic  work. 

Our  worthy  Governor,  Hon.  Henry  M.  Hoyt,  had  intended 
to  be  with  us,  but  is  unavoidal)ly  detained  in  the  eastern  part  of 
the  State.  I  must,  therefore,  ask  you  to  nominate  a  permanent 
chairman." 

Upon  motion,  Hon.  J.  Simpson  Africa  was  unanimously  elected 
chairman  of  the  Convention.  Mr.  Billin  was  elected  secretary 
and  treasurer,  and,  upon  request  of  the  chairman,  stated  that 
tlie  ol)jects  for  calling  this  Convention  had  been  fully  set  forth 
in  the  circulars  issued  l)y  the  committee.  The  circular  called 
attention  to  the  following  important  subjects  which  have  been 


Phils.,  1881,  II,  2.]       Seport  of  CommiUee  on  Land  Surveying. 


151 


I 
I 


I 


urged  upon  the  committee's  attention,  and  which  should  be 
fully  discusst^  in  this  Convention;  provision  by  strict  laws,  for 
pfrioilic  testa  uf  instruments  (chain  and  eomptiss);  horizontal 
mea2*urement ;  estiiblidimLmt  of  standard  measures  and  true 
meridians  in  each  county;  survey ss  to  be  recorded  and  plotted 
from  true  meridian  only ;  marking  corners  and  lines,  and  the 
maintenance  of  such  monunjents  or  markings;  retracing  and 
permanently  marking  county  and  township  lines;  the  examina- 
lioa  of  all  surveyors  as  to  their  professional  ability;  surveyors  to 
l>e  held  responsible  for  their  work ;  the  al>andonment  of  the 
needle  in  surveying;  a  more  uJiiform  system  of  fees  and  eom- 
pt*nsatioii  to  surveyors. 

There  shotild  also  be  considered  the  advisability  of  providing 
for  a  thorough  geodetic  survey  of  the  8tate;  of  creating  a  Board 
of  State  Engineers;  of  making  the  position  of  surveyor  one  of 
appointment  by  the  judges,  and  prohibiting  any  but  authorized 
surveyors  from  recording  work. 

The  following  gentlemen  were  present  at  the  Bessicns  of  the 
Convention : 

Ashhurner,  Charles  A.,  Geological  Survey  of  Pennsylvania, 
Philadelphia;  Afrieaj  J.  Simpson,  Surveyor  aiid  Eogijicerj  Hun- 
tingdon; Africa,  B.  Franklin,  Engineer  and  Draftsman,  Hunting- 
don: Bill  in,  Charles  E.,  Engineer  and  Geologist,  Philadelphia; 
Barker,  Harrj^  T.,  City  Eugint^er,  Beaver  Falls;  Brubaker,  M.  H., 
Landisville,  Lancaster  County ;  Boyer,  H.  S.,  Surveyor^  Sunbury ; 
by  invitation,  Burgess,  C.  IL,  Surveyor  of  Cleveland,  Ohio;  Cow- 
den,  Jl.  B.,  City  Surveyor  of  Harrisburg:  Clieauvenet,  S,  H.,  Penn- 
sylvania Steel  Works,  Dauphin  County;  Cloud,  John  \\\,  Engi- 
neer of  Tests,  Pennsylvania  Railroad,  Alt^xma;  Chance,  H.  Martjni, 
Geiilogieal  Survey  of  Pennsylvania,  Philadelphia;  Dye,  John 
IL,  Surveyor  and  Engineer,  Survey  Department,  PliiJadelpliia ; 
DtmnVr  John  M,,  Surveyor,  Butler  County;  Elders,  Charles  J.  H., 
City  Surveyor,  A lleghfijy;  E<lel>unj,  William  A.,  State  Inspector, 
Pittsburgh;  Ely,  Sanmel,  Lancaster;  Fisher^  S.  B.,  Assistant  En- 
ginettr,  Pennsylvania  Company,  Pittsburgh ;  Fry,  Howard.  Super- 
intendent of  M.  R,R  &  E.  R.^ll.,  Williamsport;  Fuller,  John  B., 
Surveyor,  Lycoming  County;  by  invitation,  Frost,  G.  H*,  Editor 
Dtigineermg   Nma^    New    York;    Gardiner,  John,   Department 
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Internal  Affairs,  Harrisburg;  Gift,  A.  K.,  County  Surveyor, 
Snyder  County;  Hough,  David,  County  Surveyor,  Mifflin  County; 
Haupt,  Prof.  Lewis  M.,  University  of  Pennsylvania;  Irvine,  O.M., 
Surveyor,  Duncannonsville;  Lehman,  A.  E.,  Geological  Survey  of 
Pennsylvania;  Lehman,  B.  B.,  Department  Internal  AflFairs,  Har- 
risburg ;  Mercer,  Joseph,  Surveyor  and  Regulator  Sixth  District, 
Philadelphia;  Meily,  Martin,  County  Surveyor,  Lebanon  County; 
Miller,  Preston,  Pottsville,  Pennsylvania;  Merriman,  Prof.  Mans- 
field, Lehigh  University ;  Nelson,  T.  M.,  Borough  Surveyor  and 
Agent  Pittsburgh  Bridge  Company,  Chambersburg ;  Peelor,  David, 
Surveyor  and  Engineer  Cambria  Iron  Works;  Reifsneider,  J.  H., 
Centre  County;  Ritner,  Joseph,  Mechanicsburg,  Pennsylvania; 
Smedley,  Samuel  L.,  Chief  Engineer,  Philadelphia ;  Soule,  Richard 
H.,  Superintendent  of  M.  P.,  N.  C.  R.  R.;  Smith,  J.  B.,  Waynes- 
burg;  Snader,  Aaron  W.,  New  Holland,  Lancaster  County;  Wilt, 
Adam,  County  Surveyor,  Perry  County;  Vogt,  Axel  S.,  Altoona, 
Pennsylvania. 

Mr.  Smedley  stated  that  the  Convention  was  the  outgrowth  of 
a  discussion  on  the  subject  of  land  surveying  at  the  meetings  of 
the  Engineers'  Club  of  Philadelphia.  The  Club  deemed  that  re- 
forms in  such  work  are  of  very  gn^at  imj^ortance  and  accordingly 
api)ointed  a  comniittee,  with  instructions  that  it  should  take  such 
steps  as  it  mi^ht  think  best,  providing  for  permanent  improve- 
ments in  hind  surveying  in  Pennsylvania.  This  Committee  re- 
([uested  the  co-operation  of  tlie  Engineers'  Society  of  Western 
Pennsylvania  and  the  latter  have,  by  appointing  a  committee,— 
the  members  of  which  are  at  presc^nt  with  us, — identified  them- 
selves with  the  work. 

A  lar<ie  number  (►f  communications  from  prominent  engineers 
and  surveyors,  all  heartily  endorsing  the  proposed  work  of  the 
Convention,  were  read  1)V  the  Secretary. 

The  following  extracts  from  tliese  show  the  importance  of  the 
work  undertaken  : 

GiRARi),  Erie  Co.,  Penn'a,  Oc^t.  20th,  1880. 

ClTAS.    K.    BlLLlX,    E8<^: 

Dmr  Sir: — I  liavu  (U-layed  resi)on(ling  to  your  invitation  to  attend  a  convention  of 
E!i;j^in('ers  and  Siirvevors  to  he  lield  in  the  City  of  Ilarrishurg  until  a  late  day,  being 
in  hopes  that  I  wouM  he  ahle  to  he  with  you;  hut  I  iind  it  impossihle,  and  I  must  l>e 
C(nuent  to  exjiress  my  views  in  regard  to  some  changes  that,  in  my  opinion,  are  almost 
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neeawaTf'  U>  h^  mnde  iti  our  present  mode  of  survey itig.    I  will  commence  upon  the 
present  STSteni  of  ^^Cunnfy  Aferititnnj^  " 

The  eatnbtihliment  of*  M*?rklmJi  Mmu«ii«nti5*'  ("or  eadi  onuniy  I  consider  of  no  use 
whulever,  ext'cpt,  perlmpfli  a«  ri  biuie  to  eiileuhite  the  change  of  declinntion  ot  the  nee- 
dle lor  the  IfX^ality  thMt  yoti  miiy  be  in;  il  iwnuJd  tlieo  lie  nifcesftwry  Ui  kniiw  him  far 
yaij  were  fnJin  the  mormmenU  and  alfio  in  what  dire<nioru  Very  fewsurveyon*  wtnild 
take  the  trind*Je  to  a^t'ert^un  this  a«  closely  m  it  abouh!  he  done  tu  insures  unifonu 
re^nliii. 

The  changft*  uf  declination  hetwe**n  the  eftsl  and  we-^t  sides  uf  ihits  cotnvty  is  nearly 
fifty  f5(J''}  tninntes.  On  thit"  t>ariillel  of  hititnde  tforty-twn  (42'^)  decrees  nrirthj  the 
change  of  declinntion  eijutds  id^jut  one  mi  nine  to  the  mile  m  yon  in*>ve  eai^i  nr  west, 
cir  in  other  words,  at  a  poitii  one  mile  we^t  of  tlie  e.^tabnfthed  meridian  the  declinaiion 
of  ihe  needle  will  he  one  (I')  minute  le«s  than  nt  the  meridian,  and  vice  verm;  the 
stune  change  of  derli nation  will  ix*xmr  m*  ytni  change  your  pisition  nrrih  or  south, 
ibout  one  and  eight-tenths  {L8)  tnii^ — moving  north  will  inerease  your  viit-iation 
and  south  dcereut^e  the  Hitme. 

To  ^hnw  ih#error8  whioh  may  arise  by  a  com  pi  ir  nee  with  the  present  law  In  r^^rd 
to  meridians,  we  will  fiupptme  that  a  surveyor  is  callcHi  u|>on  to  run  a  line  north  from 
aoEue  |iohit  on  the  dividing  Itne  of  two  countieH  that  lie  east  and  west  of  e^ch  otherp 
thiit  he  shall  usq  tlie  variivtion  calle  I  for  by  the  merldiiin  of  the  western  eoimiy, 
that  mpiridian  l>eing  twenly  {2i})  miles  to  the  went  of  ilie  line  to  be  nm»  he  will^ 
ofcmiree,  nirry  with  him  iif  LH?i*tt*il  near  this  Lutilude  (42°)  north)  twenty  (20' j  min- 
ute less  Tariation  than  he  Hhoidd,  and  will  run  hi^  liue,  ahouhl  he  t^rry  it  one  mile, 
lliirty  feet  and  one  and  a  half  intbf?s  luto  hi»  own  county,  or  to  the  wt^st.  Ifow^  if 
the  surveyor  of  the  adjoining  county  eiint  »ttemjJts  the  aanio  tbiu^^  siajiumiug  thM  tlie 
lueridian  In  hU  county  should  be  twenty  (20)  miles  to  the  east  of  the  line  to  tie  run, 
be,  in  a  like  manner^  will  bring  to  bin  work  twenty  (20')  minutes  locMnueh  variation, 
&nd  win  eohsiLHpiently,  ufter  running  tme  mile,  tiiid  hinisidf  the  same  di^tJince  to  the 
CisI  in  his  own  cfmntyr  urn  I  the  poiuL?c  that  each  will  loe:ite  will  be  KixtyKme  {Ul)  feet  , 
st>d  live  and  one-quarter  i/}\\  incbe?^  iipiirL,  m^uiuittg,  of  eoui>i«^^  that  the  change  of 
deelinaition  equals  one  minute  to  (he  mile  and  ihiit  the  work  is  accurately  done*  The 
some  difl'ert-nvee  will  oeour  in  running  in  any  direction.  As  this  h  the  case^  surveya 
mujile  in  any  part  of  a  county  will  be  in  error  in  pro^iortion  to  their  distance  from 
th?  county  meridian. 

We  have  anrveyors  in  this  county  who  seem  to  have  but  very  little  idea  of  ruriatitm 
and  do  fe^irful  work  in  running?  thn^ugh  timlier  laudn.  I  know  of  one  especially, 
who  commenced  surveying  in  middle  Hfe  because  ihere  were  no^iurveyorw  in  hh  ueigh* 
lnjrhfMHl,  After  proruriog  him^^lf  a  ctiaqiass,  be  appliefl  to  me  to  use^i^t  hiui  about 
getting  the  vuriaiion.  I  did  »u\  and  nieeting  him  nearly  two  months  afterwards 
wttji  his  oampass,  I  found  that  he  bad  drilled  a  hole  thrt^ugh  the  vernier  ajid  cou» 
|ja06  plHte  and  hact  actually  ri  vetted  it  solid  with  a  braids  rivet  I  found  that  he  had 
the  idea  that,  utter  uiseenaining  the  variation  once  it  was  secured  forever;  his  excuse 
for  fiLHtt^iing  it  waii  that  he  wad  afniid  thai  bis  ebiyr'jn  might  move  it  and  he  would 
JQa<e  the  varuiiioti*  I  b:uJ  an  application  from  another  surveyor,  wlio  ha'I  [lurdmsecl 
a  lmni4ii»  to  ptit  in  the  cross-hairs^  a»  they  *'  were  goue"  (to  Uf*e  his  own  expre*«ion), 
J  fouudf  after  setting  up  the  imtrnment  that  they  '"were  gone''  to  him,  hut  were  in 
(heir  proper  places  after  fQ<^Ufssing  for  them. 
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I  merely-  meittion  ihi^  to  slmw  liow  n  ^in^nt  p^rt  of  the  surveying  h  done  in  thii 
ctJtrTil^,  iiiid  I  priwunio  (tifit  lUen?  are  iiiniilar  ra^e«  thnnigboiit  llie  t^t»ti«,     I  tift^n  aqj 
enlletl  iijion  to  trai.^  lineH  lliAf  seem  t(*  liiive  lieen  run  by  surveyor*  of  tUe  tkss  md 
tloneil,  anil  if  1  do  not  f^trike  llie  ^iAnie  fHiinLn  it  m  iiitititatCH]  that  I  <!»tmol  h«  ngkft^ 
All  surveyor*,  I  fet*l  coufld*?nt,  bHV<f  iDore  or  lesK  of  t  bin  experieoce  iti  tUin  Stiitt*,  nil 
Will  (tiiutntie  lo  Imve  it  so  lonj^  m  the  pmfefjssion  i«  belittled  ( I  know  of  no  tietter  len«| 
by  jilkiwing  pcrr^ons  to  prHclice  it  without  Ibe  sli^lire^t  fHialiticMnons  for  ite  pnidi*^ 
WJiy  .shuuki  anyone  lie  iiUowetl  to  |mietioe  survey ing  without  undergoing  on  ciiini 
nut  ion  as  to  his  cfipsibiiitie-!  in  tlie  pr^ifeswlon? 

A  luw  »itudent  h  ret|uited  to  untUngo  the  orcleiLl  of  no  exnminntlon  before  bee 
pruttice  in  our  tVmrl?*;  likewise  ft  nieriioal  or  divinity  student  is  eTcauiined  m  I 
kiiowloflgc  of  tlie  profwsftioti  llml  he  iMlopts  before  taking  jiositlon  u.n  csnch.  In  (a^ 
with  tlie  ext*eption  of  the  niedJcul  student  (who»e  mist^keft  iiinnol  be  r^m^^ltrd i« I 
tiilnk  I  lint  MU  ioi'fiixipeicnt  i^nrveyor  eun  muke  more  real  mischief  than  eittier  cif  t 
other  profe§HionB  tuentioned. 

Now  there  h  «  wuy  Jo  weed  out  this*  elaHs,  nod  aim  injure  tmifomi  results  in  t. 
Burveyw,  and  tr*  do  this  1  wotild  pro|K*»e  to  (^tublinh  a  syttem  of  |i€single»  lu  i 
towus^bip,  in  the  following  way  ;— 

Find  in  s^uie  pnrt  of  eiieb  townibip  (no  nifitter  where)  a  plaee  where  a  line  cif  500 
feet  or  more  in  length  ejin  be  nioii»iire*l  on  jfmund  wbk'b  m  nearly  levd*     MakellAJ 
line  of  u  eonveniunt  leof^tli  for  n  biiJie,  ami  meiisure  tt  ctnefuHy  a  nunilier  of  tiuj(%iQ| 
thwt  there  skull  l>e  the  leuwt  |Ki«wilde  ernir  (/or  iJii*  mewtmnm^t  u-iU  ^fitfrm  nii-nft 
reffi);  at  the  end*  of  this  line  permanent  trigonometriad  points  should  W  seeuirlif  e*^| 
tablixbed,  so  thm  Ibere  ibull  be  no  doubt  «s  to  tbdr  sUildlity.    Then  »t  a  jjoini  wliic%l 
will  form  an  t^^niliiteral  iriiinglet  or  m  neur  iis  may  he,  with  the  base  Hoe  for  oiii<dil%l 
set  rnu^thcT  ^icrmnneot  p>int ;  then  niei^iBure  the  fioiL^k's  ul  eneb  end  of  the  bn^  lint] 
earel'ully,  in  fiifi  me.i&ure  them  niiiny  times  on  diHeru-nt  fMirt^  of  tbe  tirt-lc  nml  axi^l 
tain  ibe  mean  «if  all,  m  ^v^  to  reduee  whatever  em>r  tluTe  may  lie  in  tbe  jutraduAtiul  < 
of  tbe  tuRtruments  u^  nmcdi  a^i  |K>8Htble.     Of  eourt^e,  ufior  pritving  tbe  et>rFeetn«Bi «f 
yt>nranglL>^  by  uieu^tiring  the  angle  op|>osttetIie  hn^a,  k  lii  ea^y  a.NCertjitning  tli«^  IfJIgfli 
of  the  oiliL^r  two  side;^,  wbieh  pbonld  l>e  done  by  etdfuhUing  them  frtm  the  li»f«j>nii 
angleii.     Tbe  i^idis  of  this  triangle  would  then  answer  the  pnqnjse  ot  ba^ei  forotbtf  , 
triangleH* 

A  Ruffic'lent  number  o^f  triangle*  sbonld  be  permanently  marked  in  each  tovrn^iij^  ' 
to  be  within  reaching  diwlanee  <if  imy  i^urvey  that  eould  be  desireil  wilbin  iti  Haiits. 

At  nny  rime  after  the  base  is  IfKOied,  either  before  or  nfl:er  t!je  iriftngb**  Hrr  fij^J 
ij^bc^^  a  rareful  observation  should  Ise  taken  from  one  end  oj  the  line  on  the  Pukf  J 
8l)ir  for  the  purp^'seof  mea.Huring  tbe  angle  of  the  line  with  the  true  meridian,  wliirlvJ 
of  eonn*e^  would  gtiveru  the  actual  beairiug*!  of  the  ttide*  of  the  diflereni  triaii|t(»' 
tbroughoiu  the  township*  After  this  isi  eompleted  it  atiould  l»e  Cfurefully  plottefl  tf>* 
scale  Bud  recorded  in  the  Clerk's  office  for  the  u«e  **f  the  profession.  We  wdl  wt 
f(nppo«e  that  we  desire  to  make  ti  small  survey  with  the  needle,  we  have  only  to  |<1m<  | 
our  in.'^trument  on  a  i^ide  of  either  of  the  triangle*  thai  Is  most  eonvenieni  nnd  amv^  ] 
tain  the  exact  variation,  then  and  there,  and  go  on  with  our  work. 

Should  anothtT  surveyor  wish  lo  truce  \\\m  line  a  numl^er  nf  years  afterwunla,  w^cfl  \ 
perhaps  the  marks  were  old  it  em  led  and  has  only  hin  retxjrd  for  guidance,  h^  lia«  <*"!/  | 
to  place  his  Instrument  on  tbe  nearest  aide  of  arte  of  tbe  triangles  and  get  \%h  v^r^  \ 
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ihmA,  jtnrl  lie  cnn  banllv  hdp  findinjE^  tire  line  desired ;  and  lei  the  variatifin  chanj^e 
more  or  Us*  it  will  not  effect  tbe  result,  for  he  will  gti  it  for  the  exnet  kM^alilj-  and 
froTii  iiricliangei^hle  Lines, 

I  do  not  say  tliitt  my  view  of  the  case  k  the  only  war  to  remedy  the  evil,  hut  in  my 
mind  it  seems  the  mo^t  pniolfcnl,  as  it  does  not  entirely  do  away  with  the  needle  bnt 
will  rtKhiCf  the  eprf»r  of  its  u«t*  in  surveying  to  lis  MunlU^at  liiiittii;  iitid  niitil  the 
comnmnity  ure  willinij  to  pay  for  more  time  in  our  surveys,  we  nre  alraiM  eompelled 
Ifpfffirvey  wifh  the  neetUe,  particnlarly  in  small  areiiH.  I  mti^t  lieartilv  wish  that  all 
survey  in|f  roiglit  l>e  done  by  aui^les,  for  it  would  then  prevent  nneduoated  persons 
frt>ni  pnii'tEcinibr  ft,  and  thegeTiiiine  aiirveyar  could  he  held  n??4jion»ibIe  far  hi*  niiMakes, 
There  would,  of  course,  Ije  »  sltglit  error  In  the  lines  that  are  most  distant  from  the 
original  base,  hut  tbe  correction  necessary  cjin  lie  vumly  determlnetl*  Bat  T  WOtiH 
pnefer,  if  »t  eun  Ije  done,  that  a  law  t^hotdd  be  t*nii<'ted  that  wouhl  comjiel  the  aban- 
tent  of  the  needle  in  nil  NurvcyH  that  ivre  to  ^o  upon  reeoril.  It,  of  cfmrse,  would 
le  tiurveys  mtire  e:^peiu<ive^  but  it  wotdd  save  enough  in  litigMtiou  tiv  more  than 
iMiliiDce  thf*  diflbrence  In  e^jiense,  and  would  ronfine  the  work  to  the  profession  ahme. 
The  expense  of  locating  the  iHimgle  will,  of  course,  1  e  t^omiderable,  hut  when  it 
ill  once  diuie  it  m  done  forever,  if  not  disturlwd.  The  surveys  made  from  tbf^e  lines 
wcHild  not  di.^turh  the  old  comers  or  iineti,  but  would  record  them  m  they  are  instead 
of  where  they  were  i»iup]:>i«efj  to  be. 

In  n^nrd  to  the  »nhject  of  plotting  nurveyn  by  the  true  meridian,  I  enn  wee  of  m> 
mht*r  wavg  for  as  very  few  needles?  have  the  sjinie  declination  tbere  wotdd  be  aw  many 
"mnfmHic  merlcUanH'^  ai  there  might  be  itistrumenta  attempting  to  do  the  sune  work 
m  dilli^reiit  times* 

On  the  ttuhjeet  of  a  geotletic  f^urvey  of  the  State,  I  would  say  that  it  bus  beeoiiie  a 
neCB!i^ity.  A  unrvey  of  the  Stale  wonld,  of  course,  bring  everything  to  a  standard  and 
every  township  couhl  have  pcruunumt  lines  hwiitt^l;  but  until  tlvii  k  done  we  will  be 
oami»^lled  t4>  attopt  some  such  plan  an  is  ^^loken  of  In  this  ju-tiele. 

Ok  ttfx  Subject  of  Makkiko  Likss. 
I  cannot  any  that  I  have  anything  particular  to  offer  on  thisT  only  whatever  mode  ii  i 
ftdoptod  aboidd  be  made  uniform  tbrtjngbont  the  State,  and  miwle  in  snch  a  way  i 
will  insure  the  f»ertii&nency  of  monuments. 

Examination  of  BtrfiVEYOBs. 
ThiH  I  eojuiider  an  innwrlani  matter;  only  let  it  \m  done  as  privately  ns  pittwible, 
Ibr  many  (x^rscms  tbnnjgb  a  mitural  diffident^  might  fail  to  show  their  real  knowleilge 
of  the  proteHHton.     The  b^^t  way  ti>  find  out  what  a  tii^n  knowia  ftbout  anything  li  to 
i^Kajnine  him  when  he  lb  not  awiire  of  your  intentions, 

PiimioDtc  Terrs  of  IirsTttrMEMT^  (CnAiirB  and  Compass). 
This  shoidd  be  done  (boroiighly,  but  as  to  bow  often  I  liardly  know  what  to  m.j. 
Every  wnrveyor  should  know  ai  nntf  lime  if  his  instruments  would  do  accurate  work, 
mnd  if  h^ld  retiponsible  for  hii^  errorf*  would  be  apt  to  give  them  s<jme  severe  tesits  (H> 
du^iontJIy*  If  he  does  not  know  how  to  teat  them  he  should  not  be  eonsldcred  ft 
quail  tied  surveyor. 

SuRVEYOKs'  Fees. 
Tluft  will  be  a  hafd  auly'ect  to  deal  with*    Of  all  the  profeisjioina  tlie  surref  or  re- 
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ceives  the  smallest  compensatiou,  as  a  rule,  and  until  it  is  "weeded"  out  no  imi£[}nii 
rate  can  be  depended  on. 

To  refer  again  to  the  subject  of  meridians,  I  have  no  doubt  that  many  will  adTOcate 
the  use  of  the  solar  compass. 

This  instrument  is  the  best  for  extended  surveys,  where  the  change  of  variitkm 
would  be  considerable,  but  for  general  use  it  has  too  many  adjustments  to  look  afier, 
and  in  unskillful  hands  might  be  a  source  of  mischief.  I  would  again  say  that  so  fu 
as  I  can  comprehend,  standard  lines  in  the  locality  to  be  surveyed  are  the  only  meaas 
for  attaining  uniform  results. 

Trusting  that  the  deliberations  of  the  convention  may  result  in  many  reforms  and 
cause  the  enactment  of  laws  that  will  place  the  profession  where  it  should  be,  lod 
that  is,  equal  to  any  of  the  others, 

I  am,  very  respectfully  yours,  etc., 

GfeOROE  Platt, 
Qmnty  Surveyor  for  Erie  Co.,  Pdm'a. 


HILLSIDE  COAL  AND  IRON  COMPANY. 

ScranUm,  Pa,,  Oct  21, 1880. 
Mr.  Chas.  E.  Billing  Chairman,  etc, 

1518  Chestnut  St,  Phila. 

Deab  Sir  : — Please  pardon  the  delay  in  answering  the  circular  inviting  attendance 
upon  the  convention  of  surveyors  and  engineers  at  Harrisburg,  the  27th  inst  Ptbbb- 
ing  work  is  my  excuse.  I  regret  that  business  engagements  will  prevent  the  partici- 
pation in  a  convention  to  be  composed  of  the  leading  men  in  the  profession,  and  the 
object  of  which  is  to  phice  surveying  upon  a  firm,  reliable  and  business-like  basis. 
You  have  my  best  wishes  and  heartiest  sympathies. 

I  certainly  do  not  err  in  saying  that  there  is  a  vast  rcxim  for  improvement  in  every 
regard  in  this  section  of  the  State.  "Stake  and  stones"  or  a  convenient  tree  m.'i(ie 
good  corners  when  the  warrants  were  first  surveyed.  Upon  the  lands  of  the  larger 
coal  comj)anies  they  have  been  rej^laced  l)y  monuments  or  faced  stones,  six  inches 
Sfpiare  and  from  two  U)  three  feet  long.  Tint  in  many  instances  this  wju?  not  done 
until  almost  every  sign  of  corners  and  lines  had  disapi)eared.  It  is  not  surprising, 
then,  that  even  among  these  companies  that  have  taken  measures  to  preserve  land- 
marks, and  employed  the  better  class  of  the  profession,  there  have  been  disputes  and 
costly  litigations,  (roing  outside  of  these  companies'  lands  you  have  chaos,  or  ajv 
proach  very  nearly  to  it.  Corners  are  oftentimes  imaginary,  and  straight  lines,  so 
called,  ffir  from  being  tlie  shortest  distance  l)etween  two  [Miints.  Add  to  the  want  of 
guides  upon  the  ground  a  lack  of  skill  and  knowledge  upon  the  part  of  many  survey- 
ors, and  the  position  in  this  neigliborhood  can  l)etter  be  imagined  than  describetl.  In 
the  language  of  politics,  "there  must  be  a  change." 

To  bring  almut  this  change,  the  law  of  April  2()th,  1850,  ought  to  be  amended  so 
as  to  compel  an  examination  of  everyone  desiring  to  practice  surveying  and  the 
issuing  of  certiticates  to  those  passing  the  examination;  to  do  away  with  the  neelle 
in  surveying  and  to  estal)lisli  a  true  meridian  for  every  group  of  four  warrants,  A 
State  survey  ought  then  to  be  made  of  each  warnmt  and  the  corners  permanently 
established. 
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Argmmentfl  m  favor  of  exummatlrm  ore  scartfly  necessary,  Tlioee  wIjo  itre  com- 
|)elent  will  iirjt  fe^ir  :in  ejcftmitijittun  imd  Will  not  o|>pose;  thote  who  kt^  ix}ct)mj>^teni 
irill  opjio««,  whatever  the  argujiietits.  i 

Th<?  re^Hoii^  for  doing  tivray  witfi  the  neeilie  and  establishing  a  true  nieridmn  ni 

eh  pronj*  of  four  warmms^  are :  the  imrelmhjtity  of  Uie  needle  for  correct  work 
Stir«fitgh  yerarly  viirialtoh,  diuriiul  v:triiitioii  amd  local  attriu*ti«n  j  ihe  net'esHity  of 
ili£ivini^  ti  IjHtie  line  in  or^iiniiriJy  clo^o  jirojtimity  to  nny  line  ihat  muKt  h^  rnn.  The 
riinrelbhility  of  lire  eonipHfis  is  acknuwledgal  hy  instrument  makers,  in  nut  gmdu- 
lling  the  oompai?«  circle  more  closely  than  15  minuter,  mid  hy  m^ithuiiiuticinns  in 

laklng  travenie  table©  for  nothing  less  than  15  miniitea.  Trautwine  gives  ktittides 
mud  Uepjirtnres  for  itimaller  divisionst  than  a  quarter  of  a  degreej  but,  as  he  intimates^ 
tile  latt^'t  is  iutendeii  for  transu  work, 

Ebtnblibhing  a  tnie  meridian  &t  the  eommcm  comer  of  four  warmot^t  the  (>t>napa8a 
can  in;  done  away  with  niiwt  eflbciually.  Let  there  be  three  monuments  or  atones, 
the  omer  of  the  warrants  Wing  one  of  them,  in  the  meridian  line,  diHtiineo  between 
two  of  the  gtnne*  being  exactly  two  ro<ls  or  four  roda,  or^  lietter,  fifty  feet.  Setting  a 
irajiflit  over  the  stone  corner  and  lighting  to  the  furthest  »k>ne  in  the  meridian,  will 
j|ive  a  hikne  line  from  which  to  turn  ofV  any  angle  de&i^^,  to  run  any  piece  of  pro- 
p**rty  in  the  four  warrants  rjf  which  the  Utist^  line  is  the  meridian  estidili^heij. 

It  niay  not  be  practicat>le  to  eataidish  such  meridian  lines  over  the  entire  State  at 
file  present  time,  or  in  the  near  future,  owing  to  the  expense  it  may  entail ;  hut  the 
Myslein  could  be  introduced  in  the  most  vnluahle  and  |>opuloui!  pnrt**  of  the  State  and 
tlien  gnidtiallj  extt'nded.  8ueh  a  f«yRtcm  will  Le  more  than  vahiaLle  when  Allegheny 
County  liocomes  a  Yorkshire,  and  Chester  a  Kent,  in  vahie  of  property  and  in  popu- 
iHtioiii  3tnd  when  ihe  entire  Btate  supp(>rta  a»  great  a  number  of  people  to  the  square 

lie  as  Btdginm. 

Time  will  not  permit  m^  to  Ray  mure  upon  the  flubjectiis  mentioneii  by  you  or  to 
mdvance  argnmtnits  in  favor  of  what  I  have  but  briKiched.  Suffice  it  to  8ay,  that  any 
4itethoc|  adoptei.1  by  which  there  Will  be  an  improvemenl  will  receive  wh^itever  aup- 
^rt  irnd  enooumgemeut  I  wni  capable  of  giving  lU  Ako,  if  there  lie  another  law 
by  the  State  to  regulate  surveying  and  Hurveyorwj  let  it  be  the  duty  of  everyone 
^liresled  to  see  lliat  it  m  enforced  and  not  Lieeome  a  de^4ettar  as  the  measure  of  1^50* 

I  aiii  very  iincerely, 

W.  A,  Ma¥|  En^meTj 

ih  a  &  L  Co, 


3%arp»vUk,  Mtriw  Cmntif,  F^,  Get  20th,  1S80» 
Churkf  E,  BiUin^  £#y.|  Chairman,  ete, 

15  IS  Chestnut  Strcetp  Philadelphia,  Pa. 

De^ir  Sib  : — ^Your  clreular  inviting  participation  in  the  proceedings  of  a  Conven- 
tion of  Survey or*s  and  Engineers  to  l>e  held  at  Harrijsburg,  commeneing  October  27th 
|li>(tant,  i»  At  hand. 

One  can  hardly  doubt  tliat  if  all  thoec  engineers  and  surveyors  who  are  strongly 
Sneline<l  to  attend  your  convention  could  (nlhm  their  inclinations,  you  »ouhl  have  a 
%ery  large  meeting.  Like  many  otlier^,  I  wi»h  much  to  meet  you  at  tite  time  and 
plKse  named,  but  cannot  welt  do  so. 
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I  hope  that  the  convention  will  not  adjourn  before  having  appointed,  to  report 
upon  the  several  subjects  named  in  your  circular,  select  committees  composed  of  mcQ 
pledged  to  give  to  the  subjects  assigned  them  a  careful,  thorough  and  prompt  atten- 
tion, and  to  be  ready  with  their  reports  at  the  time  agreed  upon ;  and  I  beg  leave  to 
suggest  to  the  convention  that  each  committee  should  render  its  report,  to  some  desig- 
nated person,  in  advance  of  the  date  fixed  for  the  second  convention,  in  order  that  the 
reports  may  be  printed  (if  practicable,  collectively,  or  at  least  in  uniform  style)  and 
distributed,  before  the  sitting  of  the  second  convention,  to  subscribing  members  of  tiie 
organizMtion  to  be  formed  on  the  28th  instant.  I,  for  one,  shall  very  willingly  pay 
any  assessment  agreed  upon  by  the  convention  as  necessary  for  the  purpose  indicated. 

The  committee  appointed  to  report  on  the  matter  of  a  Geodetic  Survey  of  the  State 
will  have  a  very  important  charge.  When  it  makes  up  this  committee,  the  Con?en- 
tion  ought  to  bear  in  mind  the  fact  that  no  report  on  the  subject  will  prove  of  any 
great  value  unless  it  is,  obviously,  the  result  of  competent  examination  of  its  subject- 
matter,  and  a  candid  and  exhaustive  presentation  of  all  the  facts  and  figures  neoesn- 
rily  to  be  considered  by  those  who  will  finally  have  to  act  on  the  proposition  for  the 
making  of  such  a  map. 

There  will  hardly  be  any  dissent  to  the  assertion  that  a  good  map  of  the  State  m 
much  needed ;  but  when  the  question  is  as  to  the  probable  cost  of  the  map,  or  as  to 
the  plan  best  calculated  to  secure  desired  results,  we  shall  need  thoroughly-supported 
figures  and  incontrovertible  statements  of  fact  to  make  good  our  position  as  advocates 
for  the  making  of  the  map,  and  our  report  should  be  framed  with  these  oonsideratiooi 
in  view. 

Your  circular  suggests  providing  by  law  for  the  appointment  of  surveyors  by  "the 
judges."  If  there  is  to  be  a  Board  of  State  Engineers  (and  Surveyors)  would  not  that 
board,  ])etter  than  any  otiier  body  or  jierson,  select  and  appoint  surveyors?  Should 
there  not  be  eonipetitive  examinations  of  properly  nominated  candidates  for  the  office 
named  ? 

I  liope  tliat  the  Convention  will  appoint  a  committee  to  report  on  the  now  strenonsly 
urged  proposition  for  imposing  the  French  "  Metric  System  "  on  the  people  of  the 
United  States.     The  voice  of  tiie  Convention  will  be  intlnential  in  the  contn>versT 
now  existing.     As  for  me,  1  say  :  Decimal  System — Ye,s;  Metric  Standard — No! 
I  am,  sir,  yours  very  trnly, 

J.  M.  (tOODWIN, 

M.  Am.  Soc-'y  C.  E's. 

Ui)on  motion  of  Mr.  Asliburner,  a  committee  of  three — consist- 
ing of  Messrs.  Asliburner,  Peelor  and  Denny — were  appointed  to 
frame  rules  for  the  government  of  this  Convention. 

Mr.  Edehurn  introduced  Mr.  l^urgess,  of  Cleveland,  secretary 
of  the  Association  of  County  Surveyors  of  the  State  of  Ohio. 
Upon  motion,  Mr.  l^urgess  was  invited  to  participate  in  the  dis- 
cussion at  this  Convention,  and  to  state  with  what  success  the 
Ohio  Association  had  met. 

Mr.  Burgess  stated  that  an  association  was  formed  in  Ohio 
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early  last  winter.  A  con  volition  was  held  in  January,  and  it  is 
hop^d  we  kid  the  foundation  for  good  work  in  the  future* 
We  are  as  yet  in  our  infinicyj  and  knowing  that  you  need  all  of 
your  time  at  present  for  the  discussion  of  imp^^rtant  suhjcds,  I 
will  not  detain  you,  but  will  take  pleasure  in  giving  desired  In- 
fomiation  later, 

Mr.  Smedley  stated  that  among  the  requirements  of  the  day 
w^ere  better  niethody  in  the  practice  of  surveying;  better  methods 
of  making  returns  and  records  so  that  they  may  be  of  greater 
value  to  the  community  at  large;  and  that  the  question  of  doing 
away  with  the  use  of  ttie  neetUe  in  land  surveying,  wliich  at 
present  is  almost  universal,  should  demand  the  earnest  attention 
of  the  Convention. 

Mr;  Ash  burner,  chairman  of  Committee  on  Rules,  reported 
that  the  committee  deemed  it  advisable  to  make  only  a  prelim- 
inary report,  intending  to  make  a  full  report  of  rules  for  the 
government  of  the  Convention  at  the  next  session. 

The  committee  recommended  tluit  debates  be  limited  to  five 
niimites,  that  a  subseription  of  one  dollar  be  solicited  from  each 
gentleman  present,  for  ttie  purjKti^e  of  meeting  the  expenses  of 
the  Convention,  and  that  the  morning  session  of  the  Convention 
iliould  commence  at  9  a,  m. 

Mr.  8metiley  moved  that  an  Executive  Committee  of  nine 
gentlemen  be  appointed,  to  whom  all  questions  pertaining  to 
legislation  with  respect  to  land  surveying,  be  referred,  and  that 
they  be  empowered  to  prejiare  a  bill  for  presentation  to  the 
legislature* 

After  considerable  discussion  as  to  the  method  of  the  appoint- 
ment of  this  committee,  Mr,  Smed ley's  motion  was  carried,  leaving 
apfK)intmcnt  to  the  chairman  of  the  Convention. 

Upon  the  motion  of  Mr.  Gardiner,  such  rules  of  the  House  of 
Representatives  as  were  applicable  wore  adopted  for  the  govern- 
ment of  the  Convention. 

Mr.  Smedley  stated  tliat  the  committee  of  the  Engineers'  Club 
of  Philadel])hi&  had  prepared  an  act,  consisting  of  twelve  sections, 
for  the  consideration  of  the  Convention.  It  was  not  the  idea  of 
the  committee  that  this  act  in  its  present  form  would  be  adopted , 
but  by  putting  their  ideas  in  this  shape  they  hoped  to  elicit  dis- 
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cussion  and  give  a  definite  basis  for  work  in  the  Convention. 
The  committee  had  been  working  entirely  with  the  view  of  ob- 
taining much  needed  reforms  and  not  for  the  purpose  of  carrying 
out  the  ideas  or  advancing  the  interests  of  any  special  section  of 
the  State. 

The  act  was  read  by  the  Secretary,  and  upon  motion  of  Mr. 
Chance,  was  referred  to  the  Executive  Committee,  with  power  to 
act  thereon.  After  considerable  discussion  as  to  the  power  thus 
given  to  the  Executive  Committee,  they  were  requested  to  report 
to  the  Convention  at  as  early  an  hour  as  possible  to-morrow,  and 
the  Convention  adjourned. 

Morning  Session.— October  28th. — The  Convention  was  called 
to  order  at  9  a.  m.,  Hon.  J.  Simpson  Africa  in  the  chair. 

Mr.  Ashburner,  chairman  of  Committee  on  Rules,  reported  as 
follows: 

The  Committee  on  Rules  and  Order  of  Business  respectfully 
beg  to  report  the  following  rules : 

1.  Those  governing  the  meetings  of  the  House  of  Representa- 
tives of  Pennsylvania,  when  deemed  applicable  by  the  chairman 
of  the  Convention.  ^ 

2.  No  one  member  of  the  Convention  shall  speak  more  than 
twice  oil  any  one  resolution  or  subject,  nor  for  more  than  five 
minutes  at  any  one  time,  without  a  majority  vote  of  the  Conven- 
tion. Tlie  committee  wish  to  elicit  a  free  and  liberal  discussion 
on  all  topics  from  all  the  members  present. 

And  the  following  order  of  business: 

1.  Reading  of  minutes  of  the  last  meeting. 

2.  Unfinished  business. 

3.  Deferred  business. 

4.  Reports  of  committees. 

5.  New  business. 
().  Adjournment. 

Tlie  report  was  adoj)ted  and  committee  discharged. 

The  chairman  of  tlie  Convention  appointed  the  following  gen- 
tlemen to  serve  on  the  Executive  Committee :  Messrs.  Smedley, 
Edeburn,  l^rubaker,  l^eelor.  Dye,  Ritner,  Fisher,  Boyer  and 
Denny,  to  which  were  added,  on  motion,  as  ex-officio  members, 
the  officers  of  this  Convention. 
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V}ion  motion  of  Mr.  Dye,  the  Seerotarv  was  instnietcd  to  omit 
ifroiii  the  minutes  all  motions  which  were  withdrawD. 

Upon  motion  of  Mr,  SiiKHlley,  Mr.  (jeo*  H.  Frost,  Editor  of 


d 


the  di 


of 


l>artieipate  in  tiie  disiaissions 
ihf  (V>iiV4tntion- 

Mr,  Hmedley  stated  that  it  is  very  desirable  for  the  Executive 
Commit  Tee  to  eoiisidiT  all  suhjerts  of  importance  whicli  are 
l*rought  before  this  Convention,  and  further  roquesteil  that  gen- 

^tlemen  having  any  suggei5tions  to  make  in  regard  to  li;*gij?lation 
would  please  j^iibmit  them  to  the  Committet*.     At  the  request  of 

,  the  Convention,  Mn  Hmedley  reported  back  the  proposed  act  for 

•  discussion.  The  act  was  then  carefully  discussed  section  by  sec- 
tion, many  important  changes  being  maile. 

In   section   1   the  question  of  tiualification  of  the  proposed 

'  States  engineers  and  surveyors  brought  out  much  discussion. 
From  this  the  following  points  of  general  agreement  are  taken: 
Any  examination  of  these  officers  is  impracticable;  the  amount  of 
practic-al  experience  to  be  required  is  a  secondary  consideration, 
for  many  instances  of  good  judgment  and  work  among  young 
engineers  and  surveyors,  and  a  hick  of  judgment  among  older 
men,  were  cited.  The  fii'st  a])pointments  will  regulate  very 
greatly  the  importance  of  the  office;  a  recommendation  to  the 
Governor,  b)^  a  permanent  organization  of  the  engineers  and 
surveyors  of  theHtate,  of  men  to  fill  these  jiositions,  will  probably 
lead  to  Ixttter  results  than  any  other  method.  We  iiave  not  as 
good  County  Surveyors  now,  by  election,  as  when  they  were 
appointol  by  the  Surveyor  GeneraL 

In  the  discussion  on  section  2,  Major  Hough  stated  that  not 
oue-half  of  the  township  lines  are  marked,  and  even  the  location 
of  county  lines  are  not  known.  Tlie  record  of  a  part  of  one 
line  between  Miffiin  and  Huntingdon  countit^j  reads  tlmt"the 

I  said  line  shall  begin  160  rods  south  from  "Drake's  sign-post/'  a 
lK)int  now  undeterminable  by  even  the  '*  oldest  inhabitant/'  In 
the  recent  purchase  by  a  company  of  40,UUQ  acres  of  laud,  by 
reason  of  overlapping  brought  out  by  re-surveya,  the  company 
lost  3,GU0  acres. 
Mr  Ashburner  offered  the  following  resolution  which  was 
unanimously  adopted: 
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jResoIvedy  That  the  surveyors  of  the  Compionwealth  of  Pennsyl- 
vania assembles  in  Convention  at  Harrisburg,  October  28th,  1880, 
having  empowered  the  chairman  of  the  Convention  to  appoint  a 
committee  to  constitute  an  Executive  Board  to  direct  any  action 
on  the  part  of  surveyors  looking  toward  survey  reforms,  recom- 
mend: That  this  board  so  appointed  constitute  themselves  a 
permanently  organized  body  to  call  surveyors'  conventions  and 
to  organize  and  direct  all  movements  which  may  accomplish  the 
reforms  this  Convention  deem  so  necessary.  It  is  the  opinion  of 
this  assembly  that  this  Executive  Board  should  be  di^olved  after 
the  adoption  of  their  report  by  the  Surveyors'  Convention  next 
following  the  Convention  at  which  they  have  been  appointed, 
and  that  a  new  committee  be  appointed  at  each  succeeding 
Convention. 

It  is  farther  resolved.  That  the  Executive  Board  shall  not  have 
the  power  to  propose  to  the  legislature  of  this  State  the  enactment 
of  any  act  except  by  and  with  the  approval  of  a  Surveyor's  Con- 
vention, to  whom  they  shall  propose  such  action  as  they  may 
deem  desirable. 

Resolvedy  That  the  chairman  of  the  Executive  Committee  be 
emi)o\vored  to  fill  by  appointment  any  vacancy  occurring  in  the 
com  111  it  tee. 

Upon  motion,  the  Convention  adjourned  until  2  p.  m. 

Third  Session. — The  Convention  was  called  to  order  at  2  p.m., 
the  Hon.  J.  Simpson  Africa  in  tlie  chair. 

The  consideration  of  tlie  sections  of  the  proposed  act  was  con- 
tinued. The  act  as  aniendcMl  was  referred  to  the  Executive  Com- 
mittee, and  the  Convention  adjourned  to  meet  at  8  P.  m. 

Fourth  Session. — The  Convention  was  called  to  order  at  8 
P.M.,  Hon.  J.  Simpson  Africa  in  tlie  cluiir.  The  secretary  read 
the  following  interesting  communication  from  Mr.  J.  B.  Kaufman 
of  Franklin  County: 

Upper  Strajiburg,  Franklin  Co.,  Pa. 
Charles  E.  Billin,  Esq. 
Dear  Sir: — Your  circular  dated  Se[)teniber,  1880,  inviting  me  to  attend  and  par- 
ticipate in  the  discussions  at  a  Convention  of  Engineers  and  Land  Surveyors  to  l>e 
lield  in  llurrisl)urg  is  received.  It  would  afford  nie  great  pleasure  to  attend  and  un- 
til to-day  1  had  hoped  to  be  present  but  obstacles  have  unexpectedly  come  in  the 
way,  and  it  is  witJi  deep  regret  that  I  lind  that  I  will  be  unable  to  attend  this  Conven- 
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IlKiti.  Til**  nioveiticntt  liowt'V*L*r»  tric?ct«  my  wiiniieBt  approval^  ^ml  reliiniirt,  i\s  rtm- 
llcmpLitefl,  nr«  mui'h  ntc^JeiJ.  Tlie  pce^t'iit  riie'luKlN  of  hind  surviving,  (jmcthed  in 
||lih  Hiift  Jirljfiininj^  t^xmlie*,  wro  extremely  criKle  smil  liefei  iivt*. 

Ne.irly  wXX  surveys  arf-  m^ile  with  needle  instniuienta  iind  the  old  riishiuiiCHl  two 
||mi1l*  chniu* 

\'ery  few  siirvryf>rs  itso  instruiiieritfl  cjijjable  of  measuring  aiij^U^s  indeijendenllj  tjf 
lie  m-ttlle  nr  «f  nbiiiimiig  sulsir  oliservationsj  neflrly  all  eontenting  themselves  with 
iitf  Y^\%m  or  vefnler  pomiiaHfi,  the  former  kind  lie  yet  pre<ltmiiiiaiing. 
When  ii  in  remeiuliered  that  in  this  Oitinty  iin*ReverHl  Irrofid  hnAiB  af  invn  cire  landis 
LSiiriii*  iKirtitm.*^  tif  wljich  wr«  iiiEignt'lic,  mjmifL*s(tug  jitrtmjur  liM^id  sitrmctioiii^,  it  i?i  eiiislly 
en  hriw  II n reliable  mi r  b&^t  needk'«<  iRH'onie,  yet  how  much  more  ufireliidik' art*  those 
<'id    wurn  out,   bent  up,  bji^lly  inljuHie J,   hjidly  centred   inMrument^s  with  whi^gbh 
ljietHO€!**»  whirh  Jire  wi  freipietilly  UBeJ  to  retrace  anfi  establish  bif^t  linea  und  rnrners 
Imud  9ii]>po?ie*l  \fi  be  jiiM  the  thing  becanse  tht  ntn^dU  sHtlm  quicklij.     Home  of  our  Snr- 
l-f«»iors  »iii*?gojMl  hiKtrumenbi  of  the  khitlj  and  exercijse  eiin.*  and  thtir  work  if?  gener- 
»Uy  uc'cuniiely  tionc?.     Fivi*  omix  surveyors  m  thi»  coutHy  return  their  drufU  by  ih© 
•^truc  nieridlnn,  the  resft^^iy  Jihont  fonr-lifihs  of  the  whole— mnke  out  their  draftj*  by 
the  ftiJi|fnelic  lueridian,  in  disiregiinl  of  the  hin*-  ensieted  in  1850,  and  their  work  ranks 

ICO rre^ pond ing^iy  low  mid  unsntiaftietory^  in  sevi^ral  other  re*pet'tH, 
A*  fiirais  eun  Ina  iiseertuiiietl,  iJiere  are  now  in  use  union j,jr  our  Land  Surveyor*  in 
tbi«  <_>»tiuiy,  due  Solar  Tnui^it,  Two  Purvey o/s  TrausiMj  Four  or  Five  Vernier  Com* 
|«i.«eies*t  iiiid  some  Twenty  IHaiii  Compiisses.  Mnny  of  the  In^i  nameil  have  no  l«vels 
^f  uny  kind  to  set  the  in^itrnmenl  borl^.ontitl. 
CJiainin^  ia  Impiently  done  iu  a  atill  ni^tre  luaecurate  manner*  In  neaily  every 
InsliitK^'  the  dm  in  men  are  furnished  liy  the  land  owner  either  hii^l  by  bim^  or  taken 
frrtm  hi*  furra  haiiflft,  but  more  frer|nently  h  the  work  done  hy  tnrn^s  hy  the  neighbors 
wh**  lOHV  hiiji|ien  U^  ll>e  present  U»  **EMb>e  the  lini^  run  idong  their  own  landV  whilst  a& 
Miv^n  as  liieir  trariif  are  fHus4^ett  tliey  quietly  dl^ppear,  and  Bcune  one  eW  hxL^  taken 
their  plaiv.  Lltileetfort  im  nuule  to  meiu^u re  straight  or  lo  keep  the  chain  mraigurht  and 
t*utj  or  to  earry  it  level  over  bilk  Jind  valleys*  Frequently  the  men  are  too  ltu^X|jeri- 
4fii(>ed  to  kniiw  how  u>  make  tlie  out^  pniperlvj  or  give  n  cx*rrert  report  ot  ibt;  fdnB. 
Frr>|oeiitly  it  seeni^  as  if  eniployenii  thought  ibait  ^kill^  eare,  aJtd  inteHii^enf'e  hiid  no- 
Unn^  to  do  with  chaining,  judging  from  the  qaaliiiention«  of  the  hands  they  furnish. 
How  KtirveyM  nnide  ntuler  {het<e  eireum^iancxis  are  e.vpei?ted  to  cloAe  ur  hulnnee 

»|»roi*eHy,  1  leave  to  the  imwginniiou  of  my  fellowdalxirei^^  who  may  poBwibly  have 
h-wi  ej£|ierience*s  of  til  is  kind  oilVh*  ion  ally* 

I   Wf»uhl  nol,  Ijfiwe^erj  loue  i!  onderHtfUMl  that  all  our  wnr^'eying  here  is  done  in 
J,      tfii*  «Jjp'?.bnd^  bap-ha£iird  <Mirt  of  j^tyle.     On  many  oceaaionH  go<>d^  mrefnl,  honest  and 
Ljnletligfnt  men  are  employed  who  dts^  the  work  afi  directed^  ilo  it  ereditnhly  ainil  accu- 
If^lvty^  and  the  rc<4ult  1»  siitt8fnel,ory  when  ei>m|dete<1,  bat  in  the  majority  of  liii<tanceB, 
there  i»i  iinire  or  leHJi  of  carele-^HneiiS  and  i^lupidity  dlspliiVLHb 

When  this  LVmuty  wmb  lirst  surveyed,  the  greater  pari  of  it  was  well  timbered  and 
Itlt*"  1ine»  Jind  c«>mers  were  mnrked  by  blaising  and  notching  treea.  In  plat'^  where 
[tiinltfr  wim  (tctirt;e,  the  ciirneni  were  genendly  uiarkesi  by  a  "post,"  a  wtone,  or  by  a 
tmw  hcEAp.  Owing  to  the  tdearing  out  of  the  tintl^er  and  other  cauBefl  matiy  of  thesie 
liiiiirkMit  Irew*  have  died,  or  h  ve  I  ecn  cut  down  by  the  owner^i?  of  the  laniln  who*e 
l|>uuudaric4  they  markeib     Some  of  them  have  Wn  rcplueed  by  untune  sunk  tn  the 
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gmimd,  wonic  by  driving  n  murkt'd  or  tJntunrluHl  stuke  In  Ihe  grormij,  wltilviii  1 
lutinY  inKtsinLts  t\l\  iraLt*  of  marksi  iiave  Jrmg  ago  dii^ipfieartMi,  Henc5e,  it  b  iifta 
quile  tlifliriili  to  finil  the  ex?ui  sfint  where  the  t*righi«l  comer  stcwici.  (•t^jit'CUilh  { 
ftwiny  to  the  iini-eritiinty  uf  the  t^xuct  unumnt  of  vsirmtlcm  to  allow  for  iLc  e(iiir»it',  aoi 
tJie  still  greater  uncerl-jiiiilv  of  lh«  f0fivi'iii*5*s  irf  \\%m  old  meJiMirt?,  aud  »«jl  icri  miic 
better  clvniniriif  in  our  day,  it  is  olk^ii  hnrd  to  tell  wlik'h  wiiy  lo  ir«\  or  wliefi  l<«  «t*t|v  j 

In  somt!  neighhnrhiKid^  mo*it  af  the  Imes*  and  corners  Jvjivt?  been  ftiljuftijefi  and  marl 
wiiii  stdjstaiitiul  stones  det^fity  sunk  in  the  ground,  lyliilwt  In  rithen»»  grt-al  <i*»li 
esirelessnessfseemH  to  |irevajl.  Agjiin  ther?  are  loealitie*  where  corn  era  will  uuin- 
ni^in  sny  length  nf  tim^^  no  oiuttvr  htiw  well  m.'trkeili  But  when  buidii  ai^mirrerd 
it  ton  frequently  hMp[ienB  that  the  owner  liu^^  not  propurv^l  proi>er  mtitena]  tn  mm 
c^^rnen?^  «>  when  the  ^m\il  is  egtablifthed  he  p>mt§  i\  pieee  ai  lu»lf  rotten  paii»  Xtiht 
iurveyor  to  *'i'jdl  it  n  "^ione  in  his  (1^11*1^  ttint  some  day  he  will  put  ifc  ^tone  in;" 
fitrgeLs  to  do  MO,  and  six  iu(>nth»  alVc^r  he*  cannot  find  the  Miike  he  pluret!  ihornjarwl  * 
ciioier  i»  Ifiet  ngain.  All  these  cjuism?*!  hnve  Ifd  hi  iuiich  iint'e-rtsiinl}^,  4lj*4pnti^t»  «ntl  lut 
BUtts,  whil&L  the  profe-^mm  ban  Ln^en  lowereil  in  tlit?  estinirition  *)f  tlie  pnyie. 

If  ihiti  sUUe  of  thing*^  exi'^ts  el !*e where  iis  well  jts  here  and  I  fh.inUl  not  it  4oOti 
Hh<JW[i  iiy  the  rejwitii^  from  di fibre ut  portiunsi  of  the  Stute  to  the  Se^TelJiry  of  U\\vry 
Afbiii-s;  then  there  is  indeed  room  im  reform.    But  what  i*^  the  pro|»er  remedy? 

A  mm^ljei-  of  plnnn,  awh  of  which  would  ht  a  detnded  iHiprtiv^eoieni  npon  \rt^%  i 
present  inetliod^^  hiive  lieen  jsnggested* 

One  of  then»  Is,  for  the  C^onst  Survey  OiBce  to  make  a  Geodetic  Snrvey  of  (ll 
whole  lerritory  eJtibnu'eil  within  the  limits  of  the  CotnnionwenUh,  or  il  %%\\^ 
1h*  done  by  a  State  Boaril  of  Kngineei's  ami  at  the  ex^jeu^e  of  the  Coniiiioinwnilti^. 
Perlmiw  a  better  plan  w*oiild  hti  for  the  Nuttonjil  Government  to  enipbty  the  In 
Survey  OfHee  to  dt'ttinnine  with  theJr  hirge  Truusits  and  adintniMe  in^truini?nt^,  t 
prinniry  triiingle**  and  mark  them  prujx^rly,  the  State  Engioetsn*  unike  tlie  M-vemdin 
triangubition  und  perhupfi  the  tertiary  Iriiingle^,  or  perhnpB  it  might  tte  done  l>y  eic 
Connty  Bhould  the  tertiary  syMtem  of  triangles  be  small  enoiij^h  in  extent  tojiistifjrt 
n^e  of  the  oniinary  transit  in  UH'siiUring  the  smaller  triangles,  Fnun  ihv^  lt*H*a 
sfalionsj  pro[K'rly  mnrkefl  snid  f>erf»etuiited,  fairm,  towns-hip  and  t.k>nnty  lines  otMtM  I 
determineil  by  triiingulation  with  aM^ured  aecumeyj  and  thereby  di,>^penM'to  Jigresrtrt* 
tent  or  altogether  with  line^  run  liy  the  needle  and  with  eliairi  tuea^urement«« eir^'pl 
perhaps  very  short  lines,  Ret^ords  of  triangulation  pointa  lo  be  ktpt  uji  in  theCtmntja 
a-*  well  as  of  the  ftidesof  the  triangle*  and  the  ajsiniuth  each  make^  with  the  truem™ 
dian.  If  trat  t"*  were  mca-HtireiJ  by  this  tiyiitem  hwt  lines*  and  eon>er*  ctjuhl  he  i 
with  a  degree  of  aeoitraej  never  uLtainnble  by  the  present  method.  No  Nirv^iy  to  I 
legal  except  «ueh  a»  are  made  by  properly  authorii^ed  per^^ni^,  and  witli  inMruiu^ 
ea[»aMe  of  taking  angles  independently  of  the  needle, 

Thi»  won  Id  rid  the  iujmmnnity  of  incon^ietent  surveyors*^  inferior  iii»lrnnient*  i 
do  {iw  y  with  tiie  defnetU^e  tiystem  (or  want  of  system)  so  long  in  vc»gne,  suvd  whid 
has  I'Gnsed  ^o  much  tronble  in  the  p:<.^t,  I  wonbl  be  in  favor  of  Nime  system  !l»  aI'>V< 
outlined.  Another  plan  i^  to  ttnrvey  the  whole  Htate  in  blockj^  of  one  mile  «4[U^rfr'  AtttJ 
niai'k  the  intellection  points  with  pro|>er  nioonmente^  from  whii*h  line*  of  trjct*  ixkiJJ 
l>e  triangulated.  This  plan  would  be  very  good  were  it  not  the  intersteeliori  |>"it*l 
wo^ikl  necessarily  fall  into  very  inconvenient  points  to  work  fn»m— in  Ihc  midst  ( 
fiebb*,  in  ravines,  in  the  heart  of  forests — points  diffieull  to  lind  iind  often  unaiHtalJ 
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po  wnrk  froMi.  Bestide^,  tlie  monuments  Wfiuld  nut  be  Vikaly  to  be  well  tiLkisii  mre  of 
til  the  mi  idle  of  n  ^tuin  tl&kL  Bj  the  other  (>l}in  the  Irtmijpxbtion  puitt(a  mny 
CHcrftlU-  lie  «€l**f;ttHJ  accunliojy;  in  the  ^uitahilily  of  pn^tition,  etc. 
WlK'ther  a  gt.HHl(?lic'  stirv^r  w<r>nlil  be  imprfurticablf  on  iiocoiint  of  too  greal  ^JtpenB** 
tt'oiUil  not  imdertiLke  to  miy\  not  liuvlng  suffiL-ient  ai^ijuamtant  e  whh  the  subject  to 
jb»*  jilde  to  jndge,  yet  wfii-ti  we  consjiier  wlmt  vsist  stuns  Jire  annually  ^mnt  in  land 
tfiuls,  Ix^id**  the  ^rcat  oc>wt  entJuliHl  on  eat'li  t^onnty,  iije  uaciividuiil  civ^iSf  it  stems  to 
Wfiiild  ultimsiU-ly  jiiiy  tt»  have  someTliing  of  the  kind  dont^j  biiL,  :l*i  it  may  pOi^ 
ihly  Im}  ileetuc'tl  Un  eipeiisivL*  k*  do  it  now,  and  as  it  may  be  veHrs  before  it  would  be 
L>ui|di&hBd,  even  If  begun  now,  then  it  beotnnei  a  serious  4ue?ition  how  to  improve 
lie  tnelbadti«o  wi  to  socun?  Iiettor  work  and  fewer  di.^pule»  aJn^ut  lines*  A  goo<I  deiil 
irjiild  be  ai?e<>m|>lished  bv  laws  forbidding  tlie  iisetif  the  net'dle  and  re^jninng  survey- 
ki  i»<e  annnlnr  instru mental  or  the  «obir  com psk^s^  re<ini ring  horiwintai  nn^asnre- 
fueoi9  Mtnd  Ufibt,  strrm^r  chatTiH.  In  mta^nremeot^  n  good  deal  could  be  done  if  aur^ 
^eyors  eouhl  Ktdect  J  be  ebain  men,  wIkj  wotild  he  more  fully  under  his  t'outrob  Then 
'4lie  law  woidii  nl1<iwnoue  to  survey  eJti'etH  properly  quidillef]  itr  imthorizttJ  persons, 
|r  Wfirk  wiiuld  lt(*  done,  Ats  it  now  Lh,  com  patent  survwor?*,  even  wiih  jl'o<m1  in- 
,  hiivc  the  alteniiitivt"  to  ufie  the  cheap,  r!i[iid  and  more  imperfect  methix^ 
ir  ItAVd  nolliinicf  to  do  moat  of  the  tim«*  As  h>ng  as  surveyors,  or  per>kona  calling 
Ihenitselvisti  »o,  wbo  handle  ten  dollar  t'^jrapassea  are  as  plenty  a»  they  are  now,  per- 
porw<  will  employ  ihem  liecause  they  are  tdveap  and  tbey  are  unwilling  to  pay  fe^ 
^t»in UK'Uiin ntk»  with  the  time,  labor  !<nd  skill  be^towt^l  on  a  more  |H'rfecl  survey*  80, 
bnlfvi.!;  the  more  competent  surveyor  would  see  the  |fre:iter  part  of  the  work  done  hf 
'  rneu  (by  some  terme<J  buehwackers),  he  miii^t  work  for  Bmall  fees  and  hurry 
^ver  the  work  iis  soon  as  he  can^  though  it  l>e  under  protest,  Unlesw  something  it 
|iin«^  til  rid  thL'  pnifesHjtin  of  tbiH  cbt<tK  of  meu,  who  degrade  the  profession,  it  h 
likely  that  the  greater  {trirt  of  tbe  Hurveying  will  continue  to  be  done  with  needle 
tiMnnnents  for  a  gmjd  while  to  eomc< 

Bveii  if  we  survey  by  tbe  anij^lur  meth<.xb^  an  all  the  surveying  baa  been  done 
rith  needle  in}*truments,  it  becomes  nece«»ary,  in  order  to  retrace  Vim^  correctly,  to 
ntiw  the  itutoinit  nf  variatiiin  timt  hati  taken  pbM>e  sint-e  the  uriginiil  i^inrv^ey  w^i^  nnule 
ttm  which  the  lint*  are  wou^jbt  to  be  retnice«l.  FortbiJ*  reason  the  biwof  April  26tli, 
|S50j  riMjuirinii  hurveyorj»  to  twiijtare  iJieir  eom|jaa»es  with  an  t*trtblishe<J  meridian 
tin*?  and  adJMHt  their  ohsuns  with  a  standard  measurej  is  a  wise  one  and  ha^^  cbme  a 
■reait  tk'id  of  g^xid,  notwithj*tandini7  its  only  partial  oljwervance  »o  far.  Had  all  ob- 
■idi  it  anil  even- year  te^^ted  ibi.ir  in^^troments  made  the  proper  record  of  ibeir 
I  and  all  made  out  their  draft^n  according  to  the  irue  meridiiin,  the  good  eltects 
roubl  liHVi^  lieen  very  much  greater.  Agiun^  if  the  law  required  tbe  tefHts  to  be  made  on 
*  dny  in  the  presence  of  ea^h  other,  tbe  te-st^  would  W  much  more  valuable  ihsm  if 
Bade  on  diflereut  day^,  a**  thcitls'ould  produee  more  uniform ity^  eliminating  one  e!e- 
bent  of  uucertitiniy^  vi^.^  tbe  diamid  cht^nge,  u^  the  in»trumei]tfi  would  be  atieeted 
Itpiully  or  nearly  ■^^i  if  done  th*?  ^ame  hour. 

Oar  meridian  wan  e*itabli:^hed  bite  in  ISol,  but  of  late  year?^,  ^pecinlly  «ince  tbe 
fiir^  few  enirieft  httve  \w(^n  made  in  the  Survey  Btiok,  This  year  a  Inr^e  otunber 
Rf  e  recf»rdetl  thetr  teflts^  and  it  iw  to  i>e  hoped  surveyors  in  tbe  future  wjl!  more  peti' 
NltUy  rdNftrrve  the  law,  tnueh  as  it  might  be  imjjmved,  and  tlmt  in  the  tHiualieii  where 
10  meridtau  llnt^  btiv^  been  t^tubliuheJ  ibey  will  not  fail  to  have  tbem  (Si^LbliHbed* 
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I  am  aware  that  many  surveyors  have,  or  afiect  to  have,  little  fiiith  in  meridian  Unes. 
While  it  is  true  that  the  needle  plays  strange  pranks  at  times,  and  the  meet  exptfi- 
enced  surveyors  can  at  best  run  only  an  approximate  line  at  first  and  must  resort  to 
marks  and  other  information,  it  is  an  undeniable  fact  that  where  the  pre^nt  liw  is 
observed  the  results  are  more  uniform  than  where  it  is  disregarded.  I  might  speik 
of  methods  and  formulie  for  finding  the  amount  of  change  of  declination  for  vtriov 
periods  since  the  original  settlement  of  the  State,  but  want  of  space  forbids  at  thli 
time. 

I  very  mtich  regret  that  I  cannot  be  with  you,  and  I  feel  considerable  disappoint- 
ment in  being  deprived  of  the  pleasure  anticipated.  It  would  have  been  espedallj 
pleasant  to  have  become  personally  acquainted  with  many  of  my  brother  sunreron 
and  engineers  whom  I  know  by  reputation  only,  but  whose  productions  I  hare  pe 
rused  with  heartfelt  satisfaction  and  profit,  but  with  whom  I  have  never  been  so  fo^ 
tunate  as  to  be  personally  acquainted.  Always  desirous  and  willing  to  learn,  I  koov 
that  I  would  never  have  had  occasion  to  regret  attending  your  deliberations.  Warmly 
sympathizing  in  the  cause,  and  hoping  tlie  labors  of  the  Convention  will  be  prodw- 
tive  of  well  matured  plans  and  measures  that  may  elevate  our  profession  to  a  higber 
sphere  of  usefulness,  I  remain, 

Very  respectfully  yours, 

John  B.  Eaufmav. 

Mr.  Smedley,  chairman  of  the  Executive  Committee,  reported 
an  act  consisting  of  thirteen  sections,  and  the  report  was  accepted 
The  act  is  as  follows : 

AN  ACT  TO  PROVIDE  FOR  THE  BETTER  REGULATION  OF  SURVEYS 
IN  THE  COMMONWEALTH  OF  PENNSYLVANIA 

Section  1. — Ik  it  Enacted^  dc.^  Tliat  the  Governor,  by  and  with 
the  advice  and  consent  of  the  Senate,  be  and  his  hereby  author- 
ized and  directed  to  ai)point  two  competent  and  practical  survey- 
ors, who  shall  have  had  at  least  ten  years  practical  experience  in 
their  profession,  and  who  shall  be  citizens  of  this  Commonwealth 
at  the  time  of  their  appointment;  wlio,  to<j^cther  with  the  Secretary 
of  Internal  Affairs,  shall  form  a  board  to  be  styled  the  Board  of 
State  Surveyors,  of  which  the  Secretary  of  Internal  Affairs  shall 
be  tlie  ]>resident,  by  virtue  of  his  ofhce.    • 

At  th(^  first  api)ointment,  one  of  the  said  surveyors  shall  be 
cliosen  to  serve  until  the  third  Tuesday  of  January,  Anno  Domini 
1SS2,  and  the  other  shall  be  chosen  to  serve  until  the  third 
Tuesday  of  January,  Anno  Domini  1SS4,  and  thereafter,  their 
successoi*s  shall  be  chosen  from  among  the  licensed  surveyors  for 
the  full  term  of  four  vears.     Tlie  said  survevors  shall  receive  an 
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inual  salary  of— "^dollars,  but  this  is  not  to  be  construed  to 
ticrea.<?e  the  salary  of  the  Secretary  of  luternal  Affairs?,  which 
mil  remain  us  heretofore  fixed  by  law. 

Sec.  2, — The  duties  of  the  sjiid  Board  of  State  Surveyors  shall 

0MB  follows:  They  shall  examine  cafididates  for  the  practice  of 

md  surveying  in  this  Commonwealth,  and  issue  licenses  under 

sal  to  those  who,  after  examination,  they  shall  deom  competent. 

hey  sludl  cHjtablisbj  or  i-ause  to  be  established,  true  meridian 

tnc8  in  connection  with  standard  United  States  measures  of  one 

nundrei!  feet  and  parts  tliereof,  in  some  suitable  place,  or  |>laces, 

|u  each  and  every  one  of  the  counties  of  this  Com niou wealth, 

%ej  shall  examine  and  approve  the  instruments  and  measures 

J  be  used  by  all  licensed  surveyors,  at  sueti  times  as  they  may 

eera  necessary,  and  no  instrument  or  meiisuring  line  j^hall  be 

ised  in  any  of  the  surveys  hereinafter  specified,  without  having 

ved  the  previous  apjiroval  of  this  board. 

They  shall  establish  such  rules  and  regulations  in  the  practice 

f  surveying,  as  shall  insure  the  most  accurate  work  and  the  best 

means  of  establisliing  permanent  monuments.    All  lines  shall 

ae  run  to  the  true  meridian,  and  the  magnetic    bearing  also 

i>ted.     Every  surveyor  shall  subscribe  his  name  and  the  date 

6f  survey  to  every  map  of  survey.     They  shall  exercise  all  the 

powers  ami  perform  all  the  duties  heretofore  exercised  and  per- 

ibrmed  by  the  Board  of  Property,  and  shall  be  subject  to  all  laws 

now  in  force,  applicable  to  the  said  boanl  last  mentioned. 

Sec.  3. — The  Board  of  Proper ty»  as  now  organiKed,  consisting 
ftf  the  Attorney-General,  the  Secretary  of  the  CommouweaUIi,  and 
the  Secretary  of  Internal  Affairs,  is  hereby  abolished. 

Skc.  4. — ^No  person  shall  hereafter  be  eligible  to  the  office  of 
County  Surveyor,  as  authorized  by  existing  laws,  unless  he  shall 
have  been  licensed  by  the  State  Board  of  Surveyors  as  a  Land 
Surveyor  for  the  term  of  five  years  from  the  first  day  of  January 
next  ft *1  lowing  the  date  of  sucli  appointment.  The  person  so 
jeleetcd  shalb  before  entering  ujjon  the  duties  of  his  said  olfice,  in 
jiddJtion  to  the  oath  prescrihed  by  law  for  county  officers,  take 
nd  suljscrii>e  an  oath  or  atfirnnition  to  perform  all  of  the  several 
duticin  of  his  said  ollice  with  fidelity. 

The  judges  of  the  t'ourt  of  Common  Pleas  shall  have  power, 
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on  cause  shown,  to  remove  any  of  the  said  County  Surveyors,  for 
neglect,  refusal,  incompetency  or  inability  to  perform  the  duties 
of  his  office,  or  for  conviction  of  any  infamous  crime  or  misde- 
meanor. In  case  of  any  vacancy  occasioned  by  death,  resignatioDj 
removal  or  otherwise,  it  shall  be  the  duty  of  the  said  judges  of 
the  proper  county  to  appoint  a  qualified  person  to  fill  such 
vacancy  for  the  unexpired  term. 

Sec.  5. — It  shall  be  the  duty  of  the  County  Surveyor  to  make 
such  surveys  and  returns  as  are  required  by  law.  He  shall  keep 
in  books  to  be  provided  by  the  county  for  that  purpose,  a  record 
of  all  surveys  made  by  himself,  or  by  other  licensed  surveyors  in 
the  county,  plotted  upon  such  scale,  or  scales  as  may  be  estab- 
lished by  the  Board  of  State  Surveyors,  and  showing  distinctly 
and  accurately  the  position  of  the  property,  the  bearing  of  all 
lines  by  true  meridian,  noting  the  magnetic  bearing  and  varia- 
tion, the  length  of  lines  by  United  States  standard,  the  position 
and  character  of  landmarks,  the  names  of  adjoining  owners,  the 
name  of  the  owner  or  person  for  whom  the  survey  was  made;  in 
case  of  the  survey  being  made  by  deed,  the  date  and  place  of 
record  of  the  deed ;  in  case  of  contested  lines,  the  names  of  ad- 
joiniiig  owners  who  were  present  at  the  time  the  survey  was 
made,  tlie  name  of  the  surveyor,  the  date  of  his  license  and  the 
date  of  the  survey.  He  sliall,  within  ninety  days  from  the  com- 
pletion of  the  work  tliereon,  forward  a  plan  of  all  such  survey?, 
so  made  or  recorded  by  liini,  to  the  office  of  the  Board  of  State 
Surveyors. 

Sec.  0. — From  and  after  the  fu'st  day  of  January,  Anno  Domini 
]S82,  it  sliall  be  unlawful  for  any  person  to  practice  the  profession 
of  land  surveying,  except  as  hereiiiafter  provided,  until  he  shall 
liave  passed  a  sueeessful  examination  before  the  Board  of  StiUe 
Surveyors  and  been  duly  licensed  by  them,  and  shall  have  taken 
and  suhseribed,  before  one  of  the  judges  of  the  Court  of  Common 
Pleas,  an  oath  or  affirmation  to  i)erform  his  duties  as  a  land 
surveyor  with  fidelity;  which  oath  or  affirmation  shall  be  filed 
on  record  in  the  office  of  the  l)oard  of  State  Surveyors.  Any 
])erson  violating  the  provisions  of  this  section  shall  be  liable  to  a 
fine  of  one  hundred  dollars  for  each  and  every  olfence,  to  be 
recovered  as  debts  of  a  like  amount  are  now  by  law  recoverable. 
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Sec.  7. — It  shall  be  the  duty  of  every  licensed  surveyor,  wiihia 
Jiirty  days  after  ho  shall  Imve  made  a  survey  within  any  county, 
o  return  to  the  County  Surveyor  of  said  county  duplieate  pUms 
>f  the  survey  so  nuide  liy  hi  in,  drawn  accunituly  to  such  scales, 
iud  showing  all  such  details  as  aro  ur  may  he  re(|uired  by  the 
jTOvisions  of  this  act  and  the  regulatioms  of  the  Board  of  State 
Surveyors  passed  in  pursuance  thereof.  He  shall  conform  to  all 
tie  tuIqs  and  regulations  which  may  be  adopted  from  time  to 
ime  by  tlie  said  board  for  the  government  of  land  surveyors, 
md  shall  submit  his  instruments  and  measures  to  the  inspection 
>f  the  said  board,  whenever  reasonably  demanded  by  them. 
»  Sec,  8. — That  from  and  after  the  fii^t  day  of  January,  iVnno 
!)oniini  1S82,  in  all  surveys  made  witliin  this  Commonwealth, 
ixing  the  location  of  county,  townshi|>  or  property  Unas,  the  use 
>f  the  magnetic  needle  must  be  avoided  its  far  as  posdlde  and 
lie  angles  of  intersection  of  all  lines  given  from  the  vernier,  and 
iH  measuremenls  in  surveys  shall  be  miide  with  improved  st^el 
pleasuring  eliains,  lines  or  rods,  or  such  other  accurate  methods 
is  may  be  allowed  by  tl»e  board  to  be  tested  by  the  standard 
United  States  measure,  and  shall  be  reduced  to  horizontal  meas- 
urement* 

Sec.  9, — That  from  and  after  the  first  day  of  January,  Anno 

)omini  1882^  all  licensed  surveyors^  in  marking  tlie  cornel's  or 

kngles  in  surveys  of  property,  or  of  roads  after  the  final  location 

Br  said  roads  made  by  them,  shall,  wherever  practicable,  use 

landmarks  made  of  stone,  not  less  than  twenty -four  inches  long, 

irith  one  end  squared  tive  inches  by  five  inches.     In  marking 

ihe  lines  of  tov^mships,  they  shall  use  landmarks  of  stone  not  less 

lian  three  feet  long^  one  end  squared   eight  inches  by  eight 

Iiches,  set  in  the  ground  so  as  to  project  six  inches  above  the 

lurface;  find   for  marking  the  lines  of  counties  they  shall  use 

Rudmarks  of  stone  not  less  than  four  feet  long,  one  end  squared 

iwelve  ineh(.^  by  twelve  inches,  and  a  hole  drilled  one-lialf  of  an 

Dcli  in  iliameterand  one  inch  and  a  half  deep,  set  in  the  ground 

l>  a^  to  project  twelve  inches  above  the  surface. 

Se%  10, — Any  person  who  shall  knowingly  or  maliciously  alter 
W  remove  any  stone  or  other  landnuirk,  marking  the  line  of  any 
jounty,  townshipj  road,  street  or  property,  shall  be  guilty  of  a 
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misdemeanor,  and,  on  conviction,  be  sentenced  to  pay  a  fine  not 
exceeding  five  hundred  dollars  and  to  undergo  an  imprisonment 
of  not  exceeding  one  year. 

Sec.  11. — It  shall  be  lawful  for  any  licensed  surveyor,  with  or 
without  his  assistant  or  assistants,  to  enter  into  or  upon  the  lands 
of  any  person  or  corporation  at  any  reasonable  hour,  in  the  per- 
formance of  his  duty  as  surveyor. 

Sec.  12. — Engineers  actually  in  the  employment  of  any  rail- 
road, canal  or  other  corporation  of  this  Commonwealth,  shall  not 
be  subject  to  the  provisions  of  section  sixth  of  this  act,  in  making 
surveys  for  the  purposes  of  their  respective  corporations,  except- 
ing the  fixing  of  property  lines,  but  it  shall  be  the  duty  of  such 
engineers,  within  ninety  days  after  the  completion  of  the  work 
hereon,  to  return  to  the  County  Surveyors  a  plot  of  every  survey 
so  made  by  them  in  any  county,  prepared  in  accordance  with 
the  requirements  specified  in  section  seven  of  this  act. 

Sec.  13. — Nothing  in  this  act  contained  shall  be  construed  to 
prevent  any  person  from  making  surveys  within  the  boundary 
or  containing  lines  of  any  land  for  the  purposes  of  landscape 
gardening,  laying  out  cemetery  lots,  and  the  like;  nor  shall  any 
of  the  provisions  of  thi.s  act  be  construed  to  impair,  alter,  repeal 
or  otherwise  aft'eet  any  existing  law  ]>roviding  for  the  election  of 
surveyors  and  i)reseribing  the  duties  thereof,  in  any  of  the  incor- 
porated eities,  towns  or  boroughs  in  this  Common w^ealth. 

8i:r.  14. — That  from  and  after  the  passage  of  this  act,  whenever 
a  licensed  surveyor  is  rec|U(\sted  to  attend  court  as  an  expert 
witness  to  testily  to  the  aeeuraey  of  his  work  in  the  location  of 
disputed  lines,  he  shall  be  entitled,  in  addition  to  his  mileage,  to 
the  sum  of  live  dollars  ])er  day,  to  be  taxed  as  ordinary  costs  iu 
the  case. 

Skc.  15. — For  each  and  every  draft  or  plan  filed,  copied  and 
forwanliMl  to  the  Board  of  State  Surveyors,  as  provided  in  section 
six  of  this  act,  tlie  County  Surveyor  shall  receive,  in  addition 
to  such  other  k^vi^  as  are  now  allowed  by  law,  the  sum  or  fee  of 
one  dollar  and  fifty  cents,  to  be  i)aid  by  the  parties  having  the 
surv(\vs  made. 

I^l)on  motion  of  Mr.  Chance  the  Act  was  read,  section  by  section, 
which,  after  consideration,  was  adopted. 
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Upon  motion  of  Mr,  Dye  the  following  committee  of  seven  were 
lapliointed  to  consider  i\w  subject  of  fees  of  county  surveyors; 
Messrs.  Irvine,  Hough,  Snyder,  Denny,  Alricks,  Reifsnider  and 
Wilt 

Tjion  motion  of  Mr.  Rilner*  Section  14  (as  given  in  the  Act 
above)  was  introduced^  aft^r  which  the  Convention  adjourned. 

Fifth  Session — Oct.  29th,  1880.^ — The  Convention  met  at  9  a, 
'  M,,  Hon,  J,  Simi>son  Africa  in  the  chair  Mr.  Irvine,  Chairman 
I  of  the  Committee  on  Fees  of  County  Surveyors,  reported  the 
reeonunendation  of  section  15,  as  given  aliove.  Tiie  committee 
further  reiK)rted  that  they  considered  it  inexpedient  to  incorj>orate 
in  this  Act  any  sti|>ulated  fees  for  the  work  of  surveyors,  thinking  it 
better  tliat  tliis  su1>ject  should  be  left,  to  the  decision  of  individual 
[surveyors  and  to  the  regulation  of  circumstances.  Upon  motion, 
the  report  was  adopted  and  the  new  section  ordered  to  be  incor- 
porated in  the  proposed  Act 

The  following  resolution^  offered  by  Mr,  Irvine^  wa^  unani- 
fmoujily  adopted* 

Rrmlved,  That  tlie  Exeeutive  Committee  be,  and  are  hereby 
directed,  to  prepare  a  eons^titution  and  l>ydaw3  for  the  more  per- 
fect organi&ition  and  goverimient'uf  future  (inventions,  and  to 
; report  the  same  to  the  next  Convention;  and  that  when  this 
Convention  adjourns,  it  be  to  meet  again  at  the  call  of  the  Exec- 
utive Committee. 

The  following  re.^o!ution  was  offered  by  the  Secretary  and 
Tinanimotipiy  adopted: 

Resolved,  That  the  I^ill  adojitcd  hy  thia  Convention,  and  proposed 
to  be  mibmitted  to  the  Legislature,  sliall  be  referred  to  the  P'xee- 
utive  Committee,  with  authority  to  correct  any  errors  in  verbiage 
or  construction,  so  as  not  to  change  its  intent  or  meaning,  with 
direction  to  tliem  to  caiise  it  to  be  transcribed  and  printed  for 
presentation  to  the  next  meeting  of  the  Legislature. 

After  a  general  discussion  on  the  subjects  of  magnetic  variation, 
fees  for  surveying,  and  organization  of  county  assfR-iations,  tlie 
[  Secretary  stated  that  it  is  very  important  for  the  use  of  the  Com- 
mittee in  calUng  the  next  Convention,  that  a  full  listof  allpei'soM 
cngage<l  in  the  practice  of  surveying  in  tins  state  should  be 
secured ;  for  this  reason  all  surveyors  are  requested  to  send  to  the 
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Secretary,  at  1518  Chestnut  street,  Philadelphia,  full  lists  of  all 
persons  who  practice  surveying  in  their  respective  counties 

On  motion  of  Mr.  David  Peelor,  a  committee  consisting  of 
Messrs.  Peelor,  Haupt  and  Kaufman,  was  appointed  to  consider 
the  subject  of  magnetic  variation,  and  to  report  upon  the  same  at 
the  next  Convention. 

The  following  resolutions  were  introduced  and  unanimously 
carried : 

Resolved,  That  the  thanks  of  this  Convention  are  due  and  are 
hereby  tendered  to  Hon.  J.  Simpson  Africa,  for  the  grace,  cour- 
tesy and  good  judgment  with  which  he  had  presided  over  its  de- 
liberations; also  to  Mr.  Charles  E.  Billin,  for  his  faithful  and  un- 
tiring services  as  Secretary ;  to  Hon.  A.  K.  Dunkel,  Secretary  of 
Internal  Affairs,  and  to  his  deputy,  Mr.  John  Gardiner,  for  their 
attentions  and  courtesies,  and  to  Mr.  Wm.  P.  Small,  Resident 
Clerk,  for  the  privilege  of  using  the  Hall  of  the  House  of  Repre- 
sentatives for  its  sessions. 

Resolved  further^  That  this  Convention  desires  to  express  its  in- 
debtedness to  the  press  of  Harrisburg  for  the  full  reports  which 
they  have  published. 

Uj)on  motion  the  Convention  adjourned  to  meet  at  the  call  of 
the  Executive  Committee. 

Chas.  E.  Billin,  Secretary. 


Through  the  Executive  Conmiittee  of  the  Convention  of  Sur- 
veyors, the  work  of  carrying  out  imj)r()vements  in  land  surveying 
proj)er,  has  been  })rovi(led  for.  I'he  work  of  collecting  material 
relative  to  the  geogra])liy  and  toj)()grai)liy  of  the  state,  which  was 
also  confided  to  your  committee  has  not  yet  received  special 
attention.  With  the  hope  of  aceornplisliing  this  and  aiding  iu 
the  promotion  of  geodetic  work  iu  the  state,  we  would  respectfully 
ask  that  the  committee,  as  such,  be  continued. 

►Samikl  L.  Smedley, 

Lewis  M.  Haupt, 

John  H.  Dye, 

W.  C.  Ckanmer, 

Chas.  E.  Billin,  Chairman. 
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APPENDIX. 

Tilt*  Executive  Com  nj  it  tee  of  the  Convenlii>ri,  with  the  advk'e 
i>f  the  Governor  of  Pennsvlvania,  have  submitted  to  the  Legisla* 
lure  an  Act  somewhat  different  in  form  and  provisions  froni  that 
adopted  at  the  Convention,  The  following  is  the  text  of  the  Act, 
^4aeh  at  present  (February,  ISSl)  is  under  consideratiou  in  the 
»Legislriture. 

ACT.  TO  ESTABLISH  A  STATE  BOARD  OF  SURVEYORS,  AND 
TO  PROVIDE  FOR  THE  BETTER  REGULATION  OF 

SURVEYS  m  THE  COMMONWEALTH 
OF  PENNSYLVANIA. 

Section  l.—Be  it  maciedj  eh\,  That  the  Governor  be  and  he  is 
ereby  antliorised  and  directed,  as  soon  as  practicable  after  the 
passage  of  this  Act»  by  and  with  the  advice  and  consent  of  the 
IJeuate,  to  appoint  two  competent  Surveyors^  reputable  citizens  of 
fthis  C-ommonwealth,  who  s^liaH  have  bad  at  least  ten  years  prac- 
^eal  experience  in  their  profession^  wlio^  together  with  tlie  Secre- 
tar>'  of  Internal  Afiairs,  shall  form  a  Board  to  be  styled  the 
f**STATfc:  Boa  no  uF  Htjrvevoks,"  of  wbieh  tlie  said  Secretary  of 
Internal  Affairs  .Hball,  ex-officio,  be  the  President.  One  of  said 
Surveyors  shall  be  chosen  to  serve  until  the  third  Tuesday  of 
January,  one  tliousand  eight  hundred  and  eighty-two,  and  the 
other  shall  be  ehasen  to  serve  until  the  third  Tuasday  of  January^ 
one  thousand  ei^lit  hundred  and  eigbty-fonr;  and  thereafter  their 
ffiuecea^ors,  iKissessing  like  rpialifieations,  shall  be  chosen  from 
among  the  Licensed  Surveyors  for  the  full  term  of  four  years. 
iThe  said  Surveyors  shall  each  reeeive  an  annual  salary  of 
[  dollars;  hut  this  shall  not  be  so  construed  as 

to  increase  the  salary  of  the  Secretary  of  Internal  AHairs, 

Sec.  2. — It  shall  be  the  duty  of  said  Board,  a  majority  of  which 
shall  constitute  a  quorum,  to  meet  statedly  at  the  capital  of  the 
ConnuonweaUh,  (at  least  four  times  in  each  year),  and  at  such 
other  times  and  places  as  may  be  deemed  expedient,  to  examine 
candidates  for  the  practice  of  land  surveying  and  issue  licenses 
umler  seal  to  those  who,  after  examination  shall  be  regarded  as 
,  competent;  to  establish  or  cause  to  be  established  and  maintained 
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in  some  suitable  place  or  places  in  each  County,  true  meridian 
lines  in  connection  with  standard  United  States  measures  of  one 
hundred  feet  and  parts  thereof;  to  examine  and  approve  such  in- 
struments and  measures  as  may  be  used  by  the  Licensed  Survey- 
ors, at  such  times  as  may  appear  necessary;  to  ordain  from  time 
to  time  such  rules  and  regulations  for  the  practice  of  surveying 
as  will  conduce  to  uniformity  of  method,  insure  the  most  accurate 
work,  and  lead  to  the  fixing  of  permanent  boundary  monuments; 
to  cause  to  be  kept  in  suitable  books  of  record  full  minutes  of  the 
proceedings  of  the  Board. 

Sec.  3. — The  State  Board  of  Surveyors,  when  organized  as  pre- 
scribed in  and  by  this  Act,  shall  be  invested  with  all  the  jx)wers 
and  be  required  to  perform  all  the  duties  now  exercised  and  per- 
formed by  the  Board  of  Property,  and  shall  be  subject  to  all  laws 
now  in  force  applicable  or  relating  thereto;  and  said  Board  of 
Property,  as  now  constituted — consisting  of  the  Attorney-General, 
Secretary  of  the  Commonwealth  and  Secretary  of  Internal  Affairs 
shall  be  abolished. 

Sec.  4. — The  Board  shall  procure  a  seal  to  contain  the  legend 
— "State  Board  of  Surveyors,  Pennsylvania,"  and  cause  the 
same  to  be  impressed  upon  all  licenses,  copies,  and  other  juipers 
or  records  authentieated  in  the  office  thereof. 

Skc.  T). — (V)i)ies  of  all  records,  documents  and  papers  in  the 
office  of  the  Board,  when  duly  sealed  and  certified  by  the  Vvesl- 
dent,  Acting  President  or  duly  authorized  Clerk  of  the  Boanl, 
shall  be  received  in  evidence  in  the  several  Courts  of  this  Com- 
monwealth in  all  cases  where  the  original  records,  documents 
and  papers  would  ])e  admitted  in  evidence. 

Si'ir.  (). — From  and  after  the  passage  of  this  Act,  Licensed  Sur- 
veyors only  shall  be  eligible  for  election  or  a])pointnient  as  County 
Surveyors. 

Skc  7. — From  and  after  the  first  day  of  January,  one  thousand 
eight  hundred  and  eighty-two,  it  shall  l^e  unlawful  for  any  person 
to  i)raetiee  the  profession  of  land  surveying  until  he  shall  have 
passed  a  successful  examination  before  the  State  Board  of  Sur- 
veyors and  been  duly  licensed  by  them.  Prorklcd,  Jiourvf  r:  That 
any  j)erson  who,  at  the  time  of  the  |)assage  of  this  Act  shall  have 
been  actually  engaged  in  his  i)rofession  as  a  Surveyor  for  fifteen 
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or  more  years,  may  receive  a  lieenso  without  being  rt-quired  to 
pa^s  a  technical  examination.  Each  licensed  surveyor  shall  take 
and  subscribe  before  one  of  the  Jutlges  of  the  Court  of  Common 
Pleas,  an  oath  or  affirmation^  to  perform  his  duties  as  a  land  sur- 
veyor with  Kdelity;  wliich  oath  or  tiffirmation  shall  be  tiletl  on 
record  in  the  office  of  the  State  Board  of  Sur\^eyors.  Any  person 
violating  tlie  provisions  of  this  section  shall  be  liable  to  a  line  of 
one  tiundred  dollars  for  each  and  every  oHence,  to  be  recovered 
as  debts  of  like  amount  are  now  by  law  recoverable. 

8ec,  8.^It  i^liall  be  the  duty  of  every  Licensed  Surveyor  to  con- 
form to  all  the  rules  and  regulations  whicli  may  be  adoj)ted  from 
time  to  time  by  the  said  Board  For  the  government  of  Land  Sur* 
veyors,  and  shall  submit  his  instruments  and  measures  to  tlie  in- 
spection of  the  said  Board  whenever  reasonably  demanded  by 
them* 

HKr.  9.-^From  and  after  the  first  day  of  JanuarVjOne  thousand 
eight  hun<lred  and  eighty-two,  in  all  surveys  made  within  this 
Commonwealth,  fixing  the  location  of  Conntyj  Town,ship,  or 
property  lines,  the  use  of  the  magnetic  needle  must  be  avoided  as 
far  as  {possible,  and  all  measurements  in  surveys  shall  be  reduced 
to  horijioutal  nieasuremeiit.s,  and  be  matle  witlj  Improved  steel 
measuring  lines,  chains  or  rods,  tested  by  the  standard  United 
States  nieasures,  or  l*y  such  other  accurate  methods  m^  may  from 
time  to  time  be  pre>4cribed  by  the  Htate  Board  of  8urveyoi*s. 

Sec,  10,^ — ^From  and  after  the  first  day  of  January,  one  thousand 
eight  hundred  and  eighty-two,  all  Licensed  Surveyoi^s,  in  mark- 
ing the  corners  or  angles  in  surveys  of  property  or  roads  made 
by  them,  shall,  after  final  location,  wherever  the  nature  of  the 
ground  renders  it  practicable,  use  landmarks  made  of  stone,  or 
other  imperishable  material. 

Sec.  1L — Any  person  who  shall  knowingly  or  maliciously  alter 
or  remove  any  stone  or  other  landmark,  marking  the  hue  of  any 
County,  Township,  Road,  Street  or  Property,  shall  be  guilty  of  a 
misdemeanor,  and  on  conviction,  he  sentenced  to  pay  a  fine  of 
not  exceeding  five  hundred  dollars,  and  to  undergo  an  imprison- 
ment of  not  exceeding  one  year. 

8kc.  12. — It  shall  be  lawful  for  any  Licensed  Surveyor,  with  or 
without  bis  assistant  or  assistants,  to  enter  into  or  upon  the  lands 
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of  any  person  or  corportion  at  any  reasonable  hour  in  the  per- 
formance of  his  duty  as  Surveyor. 

Sec.  13. — Engineers  actually  in  the  employment  of  any  rail- 
road, canal,  or  other  corporation  of  this  Commonwealth,  shall  not 
be  subject  to  the  provisions  of  Section  Seventh  of  this  Act,  in 
making  surveys  for  the  purposes  of  their  respective  corporations, 
excepting  the  fixing  of  property  lines. 

Sec.  14. — Nothing  in  this  Act  contained  shall  be  construed  to 
prevent  any  person  from  making  surveys  within  the  boundary 
or  containing  lines  of  any  land  for  the  purpose  of  landscape  gar- 
dening, laying  out  cemetery  lots,  and  the  like;  nor  shall  any  of 
the  provisions  of  this  Act  be  con*strued  to  impair,  alter,  appeal,  or 
otherwise  affect  any  existing  law  providing  for  the  election  of 
Surveyors,  and  prescribing  the  duties  thereof,  in  any  of  the  in- 
corporated Cities,  Towns  or  Boroughs  in  this  Commonwealth; 
but  all  such  officers  hereafter  chosen  shall  be  selected  from  among 
the  Licensed  Surveyors  of  the  State. 

Sec.  15. — Whenever  a  Licensed  Surveyor  is  required  to  attend 
Court,  or  any  other  Judical  examination,  as  an  expert  witness  to 
testify  to  the  accuracy  of  his  work  in  the  location  of  any  disputed 
lines,  he  shall  be  entitled,  in  addition  to  mileage,  to  five  dollars 
per  day  for  the  time  he  has  necessarily  expended  thereby,  to  be 
taxed  as  other  costs  in  the  case. 

Skc.  10. — The  office  and  records  of  the  State  Board  of  Surveyors 
shall  be  kept  in  the  building  known  as  the  Department  of  Inter- 
nal A  Hairs. 
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THE  GRANT  SEU'-CLEANSING  WATEH  FILTER, 

Bl3aitt.4E  Mbetiko,  October  16th,  1S80.— Mf»  Linwo<xl  O*  Towne  made  a  few 
renin rkA  on  ih^  Grant  Self-Cletiiisinij:  Water  Filter,  Bliowm|f  the  same.  This  Hkcr  is 
iirtid«  oftliffer^nt  siz^to  euit  single  fmiceH  taitm  p"i|)es  fur  tiiierinji?  the  entire  stij^iplv 
ofti  biiilding^j  engine  Ixiilers^  Gtc;  that  for  house  iHjpp€>ses  wim  alone  exhibited^  The 
filter  h  in  two  parts  «"  inner  gIol>e  urn  I  an  ei>doein(r  riij*e  conf^iMling  of  two  hemi- 
splienenl  pa rm  screwed  t^igetheft  (he  upper  of  Ihese  hGiinwphc^rm  having  a  screw  lor 
*irtJiehm*^nl  to  the  fuueoi,  the  lower  ont;  liolding  the  above  globe  which,  by  lue^ins  of 
pivot»  tind  i  handle  on  the  outside,  may  be  made  to  revolve.  This  inner  globe, 
wiiich  i»  ihe  filter  proper,  if;  a  single  brn^  ensting  of  peculiar  construction;  a  lulje 
parting  ihrougb  its  centre  nllowsof  the  free  ptwsjige  of  water  witjif^ot  liltrution  when 
desired.  At  right  angles  to  thif*  tulwi'!  on  tlie  surface  of  the  gU>bc  jire  orifices  throofih 
which  the  water  in  it^  possagt^  in  made  b*  divide  into  four  \mrm  iuHft-ail  of  going 
direetly  from  top  to  Ijottom,  thus  getting  the  ful!  force  of  the  boot?  chnrcou!  or  t>ttier 
filtering  mixture  with  which  the  globe  Is  filleiL  The  oritices  are  provided  with  Hue 
wire  strainers. 

Mutter  having  eollected  on  the  upper  strainer  the  filter  tnay  he  reversefl  without 
remoTa]  from  the  fftocet  by  mefins  of  the  handle  on  the  outtiide,  I  he  clean  strainer 
being  brought  up  from  bclow^  the  first  water  puiislng  through  elfct^tually  cleming 
ihe  one  that  was  before  above. 

The  reailiaeaft  wiUi  which  thi^  Ulter  may  be  dean»ed,  and  the  fact  that  a  free 
pMMge  of  water  h  fumisbetl  when  a  grenter  force  of  water  is  re<|uired  than  when 
Ihe  water  iS  filtered^  are  lut  main  mlvuntageK, 

The  Ci'ftcJcifT  Fditr,  which  though  similar  in  general  ooostruclion,  diA^ra  in  some 
malerial  points,  was  also  mentioned < 


THE  CASTING  OP  THE  LARGE  AIS^VIl.  BLOCK. 

Rdgulaa  MEETiKOf  OcTDDER  16th,  188D. — Mr*  Chtirlea  T.  Thompson  preaented 
the  following  description : 

L9«t  week  i  vbitetl  PittHhurg  to  see  the  casting  of  the  large  anvil  block  for  Ihe 
seventeen  ion  hammer  now  being  built  by  William  li  Ik-ment  i&  Sons,  of  Phihulel- 
phifi,  for  Park  Broa.,  Black  Diamond  Steel  Works,  Pitt,*ibnrg. 

ThU  18,  r  helii^ve,  the  large^^t  hammer  in  this  otumtry,  Ixa  general  dimensions 
are:  Diameter  of  cylinder  40  in.;  Btroke  9  ft,  0  in.;  diameter  of  piston-rLHl  II  iii. 
The  ram  ia  of  Kmpp  st^el,  0|  II.  long,  46  in.  wide  and  2^  A.  thick.  Dies  32 
in.  long  by  16  in.  wide^  Weigh  I  of  faUlng  parts  17  tons.  Frame  and  legs  are  of 
wrougiit  iron*  The  plates,  whicli  are  from  \  in.  to  1}  in.  in  thickness,  are  riveted 
togather  with  angle  iron,  which  If,  generally,  6  in,  X  6  in.  K  I  in.  The  legs  are 
boll^  Uk  frame  and  betKplate ;  all  ihe  rest  of  the  work  i^  rivet^l  together.  Total 
weight,  ejtclnding  anvil  block,  19€,0<)0  lbs, 

In  casling  the  anv^il  block  there  were  in  use  five  cupola^  four  plain  cyllnJerB,  54 
inches  in   diameter  and  one  Mackenzie.    The  apouts  were  joined   together   by   a 
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Iroiigb  f>r  fire  bricks,  in  aiat  iron  fmme:  these  ran  into  a  Inrge  rec%lT€f,eapiUf4f « 
holding  30  umn.    There  was  anotlicr  reservoir,  capiihle  of  holtlinp^  20  tJnw,  i*i  \m  k 
in  i!me  tif  aocideni  to  ilit?  fir^t.    Tlieiie  reservoirs  were  huik  of  tire  brick  lin^tl  «ith  | 
6re  diiy.     In  tlie  largwl  rcNervoir  ihere  were  two  ojieuings^  so  iJiM  ft  brge  flown 
A)et:0  oouUI  run  out  without  anr  dnnger  of  not  beinfj^  iible  to  pluj^  Ibtsm  up.    Thil 
anvil  block  is  12  ft,  8  in.  X  10  ft.,  fteross  llie  boitoni ;  ID  fL  high,  3J  ft.  X  ft  ft.  I 
the  topr  with  n  reeesai  for  th^  anvil  djei  the  siee  of  whiih  I  um  Mirrj  lo  b^  onalilt laJ 
giv«;     The  Euouhl  wu£  made  so  that  the  top  of  the  anvil  block  wm  at  the  bottaiti4 
the  moiiUl,  so  that  anj'  dirt  or  slug  rould  rise  to  the  top,  or  mtber,  the  k>u^m  of  tbtl 
anvil  bloek^  so  giving  n  clean  face  for  the  die  to  rest  on.     The  mould  wass  suak  int»| 
the  ground}  «o  that  the  top  yvm  »]ij^btly  behiw  tbi*  k'Vi^l  of  the  floor.     A  large  pUitl 
of  iron  had  l}eon  cji;Bt^  to  build  th€!  mould  upoti^     Tlie  oulaide  of  the  mould  w»^  liif  I 
same  na  in  an  ordinarv  loam  casting ;  then»  on  aet^oiint  of  thu  intense  hcaij  came  two  ' 
Jayt.'re  of  lire  brick  and  chie  was  covererl  by  ^  in.  of  fire  v^]ny  aod  then  black  leaiiedj 
The  gates  were  silt  in  numlier,  at  dilFerent  heights,  and  were  about  6  in.  X  ii 
They  were  eiinnecttsd  by  one  slightly  am^dler,  so  tlnit  the  iron  would  not  Im^k  upl 
and  eome  out  of  a  higher  opening.    These  gutee  did  uot  chill  up,  aa  it  was  @»p(»«4 1 
Ihey  wouldj  from  the  fact  of  such  a.  quantity  of  iron  being  poured  each  time,    Tii«fl 
were  sixteen  vents,  aliout  2  in.  square,  for  Uiking  the  gas  from  the  botifim  of  th«| 
mould  J  but  there  wm  very  little  escape,  or  rothert  formation  of  gsis.     ArouiKl  tli^l 
outside  of  tlie  brick  motild,  about  a  foot  from  each  side,  was  a  sheet  iron  case*  rivHte* 
together,  and  between  this  and  the  mould  sand  was  rammed^  and  then  i>n  the  outfi(i#1 
it  waa  ramuied  up  again,  so  om  to  make  it  a  hrm  and  secure  backing  for  the  tuouIiLI 
To  dry  the  mould,  Eire^  were  ligiite<l  iinumd  the  l>rick  work,  before  li  wns  raujiutd 
up,  aod  kept  burning  for  about  two  weeks,  aitd  baHketa  were  sus^^ended,  lill(?d  *tih 
coal.     Wbiie  the  drying  was  going  on*  Ihe  mould  waa  covered  by  idieet  irtm  filAto 
to  keep  the  beat  in. 

The  tires  ^^vre  st.irted  in  the  cupolas  at  5.20  A.'  M. ;  the  hla^^t  wn»  turned  m  itj 
6  A.  M, ;  at  20  minutes  of  7  the  first  iron  was  nni  into  re^rvoir ;  reservoir  waa  ta{)]M^j 
about  7.20  A,  M.,  and  last  run  from  reservoir  made  about  1.3()  l»*M,;  llie  in%i 
tb rough  atl  the  tappings^  running  very  lluid,  Tbc^  moubl,  or  rather,  the  cartful^ I 
after  having  chiUe^l  sufficiently  to  form  a  skin,  waa  eoverefl  with  tine  eliarcosl,  W  i 
then  sand,  Uy  a  depth  of  about  two  feet,  and  it  will  be  left  for  four  or  live  aumlhi 
^_  before  being  uneoTered.  . 

■  ItfEW   METHOD  OF   HEATING  ANB  PURIFY LNG   FEEI>' 
I  WATER  FOR  BOILERS. 

B  Regctlar  Meetixq,  NoVEJCBEa  2Qth,  1880. — Mr.  Gertrge  8,  Strtmg,  introtlixwd 

H  by  Mr.  Clias,  T*  Tbomjison,  exhibited  a  number  of  specimens  of  different  varieties 

H  scale  formatiouH  in  bf^iler^i  and  drawings  of  an  appliance,  made  by  the  I,  P.  Moi 

■  Company  of  Pliiliidelphia,  designed  to  antidpate  the  precipitation,  in  Uic  boiH  '^" 

■  tlM>Ke  minerals  forming  scale,  by  effecting  a  eheniii'id  and  meehanJad  separaticni  of 
^^^  the  minerals  from  the  water  t>efore  it  enters  the  huler, 

^^^^^h  In  the  development  of  the  steam  engine,  it  becomes  necessary  to  Beonte  the  bc«*t  ai^i 

^^^m  rangement  for  evaporation  and  the  bediEt  boilers  and  boiler  HppliMnce^  it  i>«iug  v>'ll 

V  known  that  the  best  average  steam  boilers,  under  proper  management,  develop  ilwat 
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doulile  I  he  duty  nsa»llv  nbtained  under  unskillful  management  It  would  seem  tlmt 
greuteradvaiK'^rnenl  biis  bet^u  made  in  tbe  application  of  t^team  after  evtiporation,  timn 
in  its  aetual  evaporatkm,  Frfiin  a  ti^t  made  in  1320,  il  {ippearn  lb  at  aboiU  ingJ^H^ti 
iMJUtida  of  ct}al  pi.T  borse-puwer  |jer  bcjur  wufi  used  at  that  lime,  and  llial  ihe  evajiora- 
tion  was  only  tlirw  jiiounde!  of  wal«r  for  eacb  pound  of  enolj,  wbile  now\  wllJi  an  autu- 
njiitk'  eul-ofl'  liigb  pressure  engine^  with  an  tfrvapomtiun  of  eigbt  piiiiridjs  uf  walor  for 
eaeb  pound  of  coal,  not  more  than  three  to  four  ponndft  of  coaj  fier  boi^e-power  pet 
hour  are  required.  On  eome  marine  engines,  an  low  ae  two  and  a  hiilf  jwunds  of  coal 
per  borse-power  jier  hour  have  proved  j^uflicient*  While  there  should  be  an  eva|M>ra- 
ation  of  twelve  ixjunds  of  water  t<i  efU'b  jmund  of  ctmvI,  which  has  been  accompLiMlied 
in  marine  Ixiilers^  tbe  common  evajM>ration  1^  not  over  bix  or  neven  pouncli.  The 
cause  of  this  h,  m  manr  coses,  the  improper  couiiiniction  of  hoilerti  to  give  the  best 
reeulta.  In  other  caj^e?,  the  water  to  Jje  employed  is  of  such  a  chamcter  tiiat  tbe  Wt 
conBtrui'ted  ItoilerB  04inuot  W  UHetL  Impure  water  is  a  great  annoyance  and  (.nmntJint 
source  of  ki«a  to  titteam  Uiserjij  and  one  that  is  vfiry  general.  There  i»  scarcely  any  sec- 
tion of  this  coiml  ry  or  E  a  rope  that  m  not  affected  by  it.  All  waters  cuntJiia  mure  or 
less  vegetable  nnd  earthy  ntiiitcrs  io  suBpension^  and  mmi  of  tliese  have  solid  matter 
insolation  in  greater  or  less  proportion.  All  ibefle  ttolidtj  nre  capable  of  Ixnng  pre- 
ciplUted  by  heating  the  ^^ater  to  a  high  temperature.  That  m  whsit  t^ikea  place  in  the 
boiler,  aud  ilie  precipitated  salts  settle  to  tlie  bottom^  or  rest  on  the  sides  of  the  boiler^ 
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tnd  then  bec?ome  hardened  into  scale.  The  tlnckn^a  and  solidity  of  ihls  deposit  v it ry^ 
accord  ing  to  locality,  comjioesition  of  water  and  management,  from  1-64  to  three  inches. 
HtJW  serious  this  Imuble  may  bet.xjmcj  will  appear  very  clearly  from  the  calculadotts 
of  Dr*  Jo4,eph  G*  Rogers,  who  has  given  the  subject  careful  sludy.  A(?cortltng  to  this 
authority,  the  evil  efiectB  of  scale  are  due  to  the  fact  that  it  is  relatively  a  non-conduc- 
tor of  heaL  Its  conducting  power,  compared  with  that  of  irrm,  is  as  1  to  37.5.  Maaiy 
estimsUes  hare  been  made  its  to  the  lo«s  of  heat  cuukc^I  by  it,  ii^ome  edtimating  it  as  fjigh 
a^  tweuty  p«r  cent,  for  a  lime  scale  of  1-16  In  thickness^  increasing  rapidly  wi.li 
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greater  thickness.  Another  observer  has  demonstrated  ttiat  each  sixteenth  made  i 
difference  of  fifteen  per  cent  increase,  so  that  one-fonrth  makes  sixty  per  cent  Urn, 
The  minerals  giving  the  most  trouble  are,  sulphate  of  lime,  carbonate  of  lime,  oxide 
of  iron,  magnesia,  alumina  and  silica.  The  most  tronblesome  and  dangerous  of  thne 
is  the  sulphate  of  lime,  which  results  from  the  combination  of  oxide  of  cakium  with 
sulphuric  acifi.  This  is  precipitated  by  heat  in  the  form  of  small  crystals^  or  thia 
flakes,  and  in  that  form  floats  to  where  there  is  least  agitation  in  the  boiler  and  set- 
tles, forming  a  thin  white  scale,  which  admits  of  neither  contraction  nor  expannm. 
When  the  scale  has  attained  a  thickness  of  1-16  in  the  tubes  and  sides  of  the  boiler, 
it  breaks  off  and  gathers  in  bunches  on  edge  (see  Fig.  1),  sometimes  covering  serenl 
feet  and  in  the  form  of  a  cone.  In  either  case  the  boiler  is.  liable  to  be  bubved,  es- 
pecially if  fired  with  soft  coal.  Sulphate  of  lime  is  much  heavier  than  water,  haTiug 
a  specific  gravity  of  2.16.  The  following  table  shows  the  amount  held  in  solutioD  it 
different  temperatures  from  217^  Fahr.,  according  to  the  experiments  of  M.  Comte, 
of  France : 

Temperahtre,  Pereeniage  hdd  in  Jtolutkm, 

217**  ,600 

219^  *477 

221<>  .4^2 

227**  Mb 

.356 


236**  ,310 

240*  .267 

245"*  .226 

250°  .183 

255°  .140 

261°  .097 

266°  .060 

271°  .023 

290°  .000 

Another  very  troublesome  mineral  is  carbonate  of  lime,  composed  of  carbonic  acid, 
resulting  from  the  decomposition  of  vegetable  or  animal  matter  with  lime  or  oxide  of 
calcium.  This  is  also  precipitated  by  heat  in  the  form  of  very  fine  powder  or  cryslaK 
and  it  is  often  found  in  combination  with  sulphate  of  lime.  The  two  combined  make 
a  very  hard,  light  gray  scale,  which  also  has  a  tendency  to  gather  in  bunches.  The 
combination  of  these  two  minerals  with  mud  makes  a  very  hard,  thick  scale  of  a  dark 
color  (see  Fig.  2).  This  is  mostly  precipitated  at  200°  Fahr.,  and  has  a  specific  gravity 
of  about  2.4  as  compared  with  distilleil  water. 

Another  of  these  minerals  is  oxide  of  magnesia,  which  is  sometimes  known  as  alkali, 
and  is  very  similar  in  its  action  wlien  heated  to  carbonate  of  lime,  forming  a  thin, 
white  i)owder.  It  is  precipitated  at  a  temperature  of  212°  Fahr.,  and  has  a  specific 
gravity  of  2.4.  Oxide  of  iron,  composed  of  brown  iron  mixed  with  clay,  and  other 
impurities,  forms  a  reddish  scale,  wliich  is  very  injurious  to  boilers,  as  it  tends  to  start 
corrosion.  It  is  also  precipitated  at  212°  Fahr.,  and  its  specific  gravity  depends  on  the 
amount  of  earth,  but  is  about  five  times  that  of  water. 
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Aluzninft  b  soraetim^  found,  and  forms  a  very  hord,  white  scale,  It  is  precipitated 
at  212"^  Fiiiir*,  and  Uas  n  s|iefitzf.'  gravity  of  2^-36, 

Silica  b  also  precipitated  by  hent  at  212*^  Fahr.,  and  hm  a  B|>i?c»tic  gmvity  double 
that  of  waler. 

Another  very  troublesome  nnd  dnngerons  itgent  in  mueh  of  the  water  found  ia 
fuming  and  iron  fegious,  is  «uli>(iiiric'  ut-id,  wiiit-li  hi\&  u  tendency  to  canne  rapid  eoi'- 
rosioti*  When  the  corroston  ift  coverwi  with  Bcide,  it  will  K>nietimea  eut  very  nenriy 
through  before  it  ii  diBcnvercd|  freijuently  detitroying  iron  boiler  tni>es  befort^  they 
hafe  lieen  in  use  one  yejir.  This  is  also  Jtepariited  by  heat,  on  at^otint  of  \t»  nprn-'UiC 
gravity,  whidi  b  1.844,  iind  rerptirefi  a  temperature  of  at  least  260°  Fahr.  It  km  been 
diiicovered,  by  r-arefnl  investigtttion,  that  ae^  nr  huIi  wuter  fornix  a  »i-ak  composed 
tnr^stly  of  carbfinate  of  lime,  and  that  aalt  alone  will  not  form  a  ficide  if  proper  alten- 
ijon  b  giv<^x\  lo  blowing  on  the  Bnrf;iee  blow.  Mo«l  aezde  formed  in  the  bojlera  of  oceatt 
ste^mierB  is  eompoied  of  lime  und  silica,  with  flmali  trftcas  of  salt. 


Fonnntloo  of  »c*l«  wb^re  ft  poll!  lo'sts-r  unn  ludNl      Thhi-k  rii'HA  llirec-el^lith*  uf  fcu  taeli, 
Wiit^r  hi'iited  111  170"  Fiihr^ntittiL 
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The  claim  made  for  Strong's  Patent  Feed- water  Heater  and  Pnriiier  b,  that  ihi^ 
ir  is  HKATHtv  TO  THK  FRKCIPITATING  POINT,  eaimlnj,'  a  cUEMtCAL  8eparali<Jn.    In 

nplbhing  thi«  resutt,  exhauHt  steam,  that  woidd  oiberwi^^e  be  wa^te4l,  is  used  up 
to  208^  to  212%  when  tlie  temperature  U  increased  to  the  precipitating  point  by  the 
lim*  of  a  li^e  iite^m  eoil.  Tht;  water  U  then  filtered,  as  a  last  step^  hy  pui$8tng  it  through 
wood  eharofjah  or  itny  other  suitiible  mtitt^riat,  for  ilie  purpofse  ol  oxtuaing  a  cHimplete 
necHANtCAL  separation.  The  j^vBteni  of  bra^i  tnlK^  for  the  exhaui^it  Htenni^  qh  t»hown 
in  lower  part  of  cirt^  b  so  arranged  as  to  [permit  fHjrfect  freed f^m  of  rontiriction  and 
expansion,  and  to  cauHe  a  r:ipLd  and  thorough  circubition.  The  water  l>eing  fed  al  the 
*iide  of  the  hesiter^  nesir  the  bottom,  cfmicN  in  eontiict  with  the  tubes  und  U  heateil. 
The  earthy  niaffer  b  nllowe<i  to  aettle  on  the  liottom^  while  the  warm  water  rises. 
When  tlif>  wiit^r  has  reached  the  top  of  llie  tiibeAf  it  ohtain^  a  tem|:>enUure  of  from  208^ 
to  212°  Falir.,  aeeording  to  the  poiut  of  eut-otf  and  preiiiore  of  t^team.     Thin  tempera- 

b  suMdenI  to  uause  precipitation  of  mofit  mineral  de^ioaits,  except  tiie  sulphates 
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uh{  .-^.viMCi-^  Wtv't  -:i«^^  iXY  ?nsw-it  :n  wiaef.  the  co3  shown  rm  the  eentnl  piv- 
lion  »i  :ht«  .tK,  rii.-^'vi^it  -v.'i.^i  :t^  ^vam  Amtattm*  caons  a  riae  of  tempentoR 
ilTtK*«4  v^^iial  -.f  :!uu  II  ::k  x  k!t-r  utwr  w^vh  tiie  water  »  paned  ap  throagfa  a  fihcr 
oi«at(H>i<\t  >i  iM«.<v<«i  /•iar>«  a..  n^Mi  ]iriw«va  .rartc  iroo  platci  well  fiutened  togetiicf^ 
Iffttvisi^  .1  J%.'fH^4  'I  tuiH^rii^  !i  iw  \««w  ptHtaio  ..^the  filter.  The  water  then  paMi 
out  Ai  ih<  >iuv  .'I  :av  touie  ik-  ne  <iwn  <|mlv  *}£  the  hoiler.  The  dome  ia  shaped 
K'  jjptcher  .iikv  ^ttiti  v.Ku  -ii<;:-k  tr-sv  ti  :he  xuchesft  p*int,  from  which  it  ia  pomped 
hiifc-k  :o  ih*  \s'AHti    »*     K»  iiv^»iaa!^.««  Ji"  5»l-wa«er— hy  the  ijjector  cotmecting  tk 


b^i^  JL 


Fio.4. 


The  liotitor  nhouUl  Ih»  bK»\vn  out»  wlu4\  itt  us**,  owry  three  to  ten  hours,  according 
to  condition  of  wnior ;  whoii  thin  i.»  viono.  I  ho  avHivMi  of  \\w  water  is  reversed.  The  live 
steam  fmm  tho  U»ilor  ix  Mown  Kuk.  ihoixnuhlv  oUsinsing  the  filter,  at  intervals  of 
three  to  ten  hours,  mul  Mowinvi  all  iho  s^^Ununc  fnmi  the  bottom.  This  will  keep 
the  filler  clean,  aiul  pivveni  (ho  uvHt^sit>  oi  rtuu^winji  the  charcoal  oftener  than  once 
in  Hixty  to  ninety  days.  Tins  elojiniui;  jmn^Ns  is  e:u*i!y  accomplished  by  removing 
the  brass  nuts  in  tlie  dome  ll«u«i«,  Hrtinc  otV  (he  dvmie.  and  taking  out  the  filter,  when 
it  can  l»e  repackcnl  or  n»p|ju>Mi  wi(h  one  luld  in  n^adiness  for  the  purpose,  in  which 
caHC  not  more  than  thir(y  niinu^vs  aiv  itsjuitxHl.  When  the  dome  and  filter  are  off, 
a  hr>se  can  be  used  to  wasli  out  the  healer  fi\»ni  the  top,  which  is  equally  neceasary. 
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unil  LMirbonutert,  Wlieti  these  ape  present  in  water,  llie  coil  shown  r>n  the^  cenimi  |H"^ 
tion  of  the  cut,  through  which  live  sleiiin  eireuhiteK,  cmises  a  rke  of  tempemiurt 
ftlmr»?i  eqiiti)  hi  lliat  in  the  iHjiler,  after  whidi  Uie  wnter  is  ^&s9«d  up  ihrciiifh  9.  Bier 
«>mposeci  of  pncked  ehart?c>ul,  held  betwtsMi  cmt  imii  plnle»  well  6iAleti^  ei>gvlli(;rf 
leaving  a  dtspuf^it  of  minerala  in  the  lower  portion  of  the  filter.  The  water  then  (»s8is 
out  at  the  nide  of  tht?  dome  into  the  ntesim  Bj>uoe  of  the  boiler.  The  d<iine  k  Mbupd 
to  gather  nnv  §1^1  im  that  might  arise  M  the  highest  fKJtnls  from  which  it  h  pnf!ii*£^i 
back  to  the  IwtlotD  by  the  iucoming  jet  of  feed-wuter — hj  the  eje<.'t<jr  txmn^cting  tb 
drculating  pipe  with  the  lottom. 


i 


Fm.  a 
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The  heater  ahoiild  be  blow  a  out,  whefn  in  u^,  every  three  to  tea  hoUfi>,  nocordtog 
to  c?on<litlon  of  wnter;  when  this  m  doaoi  the  Hction  of  the  water  is  reveraud.    The  live 
Bteam  from  the  boiler  h  blown  baok^  thoroughly  cleansing  the  filter,  at  inter vak  «f 
thri^  to  ten  houitE,  and  blowing  all  the  sediment  frosu  the  b<^>ttojti.    This  will  )ive[* 
the  Olttsr  clean,  and  prevent  the  nec<^3flity  of  renewing  the  i.*harfoal  oftener  than  onct^ 
in  fiixty  to  ninety  days.    Thia  cleaning  procera  ia  easily  accomplished  b?  reniuviq^H 
the  brass  nuts  in  tfie  dome  flange,  lifting  off  the  dome,  and  taking  out  tht*  filter,  wIieD"^ 
it  can  ite  repwcked  or  repb*?ed  with  one  hehl  in  retxdjnessi  for  tike  purjxiHe,  in  wbirh 
cam?  m»t  more  than  thirty  tnlnulee  arc  re^joi  red.    When  the  dome  and  filler  are  djfi 
tx  bo^  can  be  tuied  to  wobIi  out  the  heater  from  the  topj  which  h  equally  neceHiTJ^ 
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Pkrlesitage  of  Saving  op  Fi;kl  ik  Steam  Boilers  by  Heating  FeeikWatub, 

W«  iAk«  the  fullowtng  T»Mf ,  ahowlng  CitmpRriNan  wUh  the  rp»ults  ilnHvi^fl  from  <?old  w&i«r  fe*d, 
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THi:  TAIiUE  OF  THE  AUTOMATIC  VALVE  ARRANOB- 

MEKTS  FOR  THE  BILCiK  FUMPS  OF  SHIPSi  AND 

ESPECIALLY  FOR  8TEAMER8. 

KtiOCLAE  MeftinOj  December  18th,  1880.— Mr.  J.  J.  de  Kinder  pre^uteil  the 
following; — 

Wiien  a  vessel  Is  mnTing  on  an  e^'en  keel,  or  nearly  so,  there  li*  no  trotible  in  keep 
Ing  ber  bilges  Tree  of  wnCer ;  or  cvt?ci  if  ^he  has  a  strong  Hi^t,  |>rovicling  nhe  keejit^ 
lliiii  lidtj  oi  ill  other  words,  eo  long  as  the  water  in  the  hilgea  in,  compflrnlively 
»|J€ak"ing,  in  rest,  a  good  bilge  jnnnp  will  not  fail  to  draw  and  throw  water. 

But  what  if  tbe  ve^el  rolls  heavily  f 

Whatever  water  tliere  ia  in  the  hilgt^  will  fly  violently  from  nide  to  iide;  es|)eeiRl)y 
h  f.nch  the  (^m  in  a  steamer  coiiBtructed  with  wuter  ballast  tanki^,  aa  nearly  all  oeean 
eteamerti  iltc.  Genenilly  the  stoke  bold  floors  are  from  18  to  24  inches  above  the  flat 
iurface  of  the  ballast  tank. 

Then  a  tsrnall  quantity  of  water  which  would  meHHure  but  a  few  inchcf^  iimidRhitis 
with  the  vessel  gliding  along  on  an  even  kfel,  will  leap  over  into  the  wings,  ihu* 
ae(*n  inula  ting  suddenly  in  a  smnller  ^pu(x<  and  seeming  a  much  larger  volume. 

It  suddenly  rUKhea  up  through  the  joints  of  the  stokehold  flrwrs,  often  biirnting  up 
the  plates  or  even  the  eofil  bunker  Oriors^  and,  on  the  retuni  tvU  of  the  vet^el,  whatever 
Tolumo  of  water  has  gathere^l  un  top  of  the  floor  will  rush  over  to  the  uther  side^ 
carrying  eoal  and  ashes  into  the  bilges  and  impairing  the  nL-tion  of  the  bilge  pumpe  by 
conttntially  choking  the  valves^  thus  redueing  more  and  more  their  efficiency  to  eope 
with  the  water,  which  often  obtains  the  npper  hand^  and  with  what  result.^? 

The  Ixiilers  are  contintially  being  wnsbe*!,  cftrgo  is  ol^en  damage<l,  t*tc.,  auit  the  en- 
gine department,  hariLtiSed  and  obliged  to  give  its  entire  attention  to  this  water  trouble^ 
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\h  j  I  revested  fmm  doing  jw^tice  to  the  eii|fm««  and  vessel,  apart  fruin  ihe  ivju^twl 
trmiiile  iim\  tiX[mi^e  tif  eleaiiing:  out  the  bilges.  In  nijuiv  caskes  the  waiter  jjmioulthe 
tires,  with  re*!ullis  whk'lj  st4iaiui^liip  men  know  to  Ukhf  I^jss  nml  wrmw, 

Tljt*  only  sui-e  }irt?ventive  agninfit  this  is  in  haring  some  arTntigemcnt  wliich  »iH 
iiksure  lo  tilt  bilge  pynips  a  steady  and  tinbmken  actlim  al  nil  iiiuts*  indcjH^iiik'iit  uf^ 
tiie  jxti^ition  of  the  vesaelt  iKii«  preventing  wnicr  from  tihowing  itself  at  anv  limp 
the  fildkehold  floors.    Whut  means  are  there  at  prea«iit  employe*!  m  accomplbli  thii' 

(/eneniHy  u  steamer  hiiii  two  connectt?<]  bilge  pnmp**-a  suction  pipe  in  either  wicfSJ 
conseciuently  onJy  one  pump  ot  one  time  plie^  upon  the  low  side  where  the  wjittrii> 
oumulates,  while  the  pump  comrauninUing  with  the  soctjon  pif»e  in  iJii?  opf««ii* 
wing  i^  doinj^  nothing  iind  on  the  relurn  roll  it  tnke^  some  time  before  th;il  piimp 
throws  wiiter^ — it  having  tu  till  tlio  tintire  length  of  the  suelion  pipe  before  it  will 
throw  aguin, 

1  hftvc  designed  and  •  pjitented  an  automatic  valve  arrangement,  simple  and  wiui- 
pactj  which  I  feel  confident  will  ensure  that  constant  and  uninterrupted  pinup  *Plion 
so  much  desired— no  matter  how  hard  it  vessel  roiU. 

In  the  iii'o>mj)!inving  druwing,  the  two  valves^  A  itnd  ^  are  connected  by  llie  lift] 
C  Uy  the  lever  B. 

This  lever  made  of  wrought  iron  h  forged  in  the  form  of  r  ^Timd  is  hung  by 
of  u  pin  in  the  brackets  ^and  E^  while  the  centre  arm  carri**9  u  heavy  weight.    0 
vsdve  etrntrtils  tbe  *'  port  wing  "  liuetion,  the  other  the  *'aliirlMmrd  wing"  suction, 

The  bilge  pump  or  pumpH  are  connected  with  ihia  vulve  Wiit  by  iiits4n»  of  iHt 
pipe  F. 

When  ilie  vessel  is  in  a  petfeetly  npright  pcwilion  both  vnlves  are  rlciwtJ,  kit 
mou  us  Hhe  poAi^ei^  her  eentre,  for  iost.'mce  to  port,  the  port  valve  will  tmniedinH] 
lift,  while  the  starboard  valve  remaiu«  closed.  (The  links  fare  attarht^d  li>  i  nlerra 
which  moves  freely  on  the  riwi,  thns^  while  one  valve  in  lift(ftl,  the  *lefve  ^m  thi-  ^(►pt»* 
site  side  slides  down  f>ver  the  viilve  rod,  until  it  meets  the  c<>llar  G  whi«"b  deUTOiii*** 
the  height  of  the  lift  of  the  opposite  valve;  thus,  in  this  phm,  the  valve  is  full  ii[ien  for 
an  angle  of  6°  alreiuiy.)  The  pump  or  pumps  will  cousefpienlly  jnimetiiiniJy  <ff»f 
from  the  low^er  aide  through  the  open  valve*  or  from  that  &ide  where  the  water  lit^ 
and  will  continue  to  do  tio  until  tbe  ve^ssel  on  the  return  roll  again  p!ut$cft  her  i%ntri 
w^hen  the  port  valve  immediately  closes,  while  the  starlxiard  one  at  ibv  ssiiite  tioitt 
lifts  and  the  action  of  I  lie  j>umps  is  brought  at  once  to  bear  on  the  now  lowest  sid«*l 
In  f«ct  the  pomps  simply  follow  the  Witter  from  side  to  side,  just  raa  if  ttie  su' ticm  (iipo 
rolled  backwarrls  and  forwards  with  it. 

It  is  appaient  ihiu  with  thin  arratigement  only  one  bilge  pump  will  be  llms  kefp- 
ing  up  ■  steady  uninterrupted  action  and  do  more  executiiiu  tliaix  two  or  even  tbrre 
pitmps  in  the  ordinary  metluMi.  The  valve  l>ox  can  lie  tit  ted  with  tliree  sucliou  f  ipe% 
pne  in  the  centre  communicating  with  the  amidships  so  that,  in  tine  weal,  er,  th<?  1^*1- 
itteing  valves,  l>eing  closed,  jire  kt^pt  eloscd  by  arresting  the  motion  of  tlie  pendtduffl 
and  the  ]HTmp«  are  free  to  draw  fmm  thits  eentre  suction  pipe,  whichj  in  tum^  c«nl« 
closed  by  a  ctx-k  or  stop  valve. 

For  sailing  ve^UfielH,  e»peciHlly  those  carrying  grain,  this  armngement  secntf  uo^t 
a  decided  superiority  over  the  pr^aent  arrangement. 
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BUILDING  A  HOtTSE  ON  A  SANI>  HILL. 


RofitT^AR  MicBTt»a,  D£0£MB£Ej  ISth,  1880,— Mr,  J,J,dv  KimW  alB^T  present wl 
the  fiifUiwing; 

As  1  ntn  not  aware  ibiit  it  ka»  ever  Isef'ire  hetn  aitempt^l  in  ike  Uniteil  StiUi?*  la 
build  jv  huui^on  the  very  top  of  ct  kifly  sumJ  In  1 1,  ejcposeil  to  all  winck  and  wt^iither, 
white  <.i>«|ily  depend ing  ajTon^  «>r  r«tber  by  *iin|dy  niakjng  ibe  lorwe  wi™!  Ibea^enl  to 
keep  it  firmty  weinn-C'ti  in  lis  f^M,  I  think  ti  few  wnrdti  upon  ibie  oory^lructiirn  of  n 
»i|rnit)  ^tniUin  wldcb  [  iiiivt^  jn»t  finl^bti]  tor  (bi;  Maritimt:  Exelmnge  of  tlii!»  oily,  on 
top  of  th«  bigbe^  Btind  bill  at  Qi|je  Henlojien,  intiy  be  of  interest  to  »onie. 

Tbe  sif^njil  siiition  mentioned  wrill  serve  lo  rcfjort,  the  arrival  at  and  dep*rtnr^ frtiifi 
the  Bf«itk water  of  nil  pissinjaf  ve&«HflRj,  lo  llie  Phihtdetpbin  Maritiine  Eiciumge,  by 
tneans  of  ibc  Wej^tern  Union  Teiegrnpli  iinet^  witich  connet't  it  with  thiei  city* 

111  thi*  tir^t  pbice^  it  yr^m  net^vf^^ry  th^it  thi?  ohsi^Tver  ^ationei)  in  the  bmbiiii|L'  flhonht 
bnve  n  deur  and  nnolistrucled  view  of  the  Bciiward  horiseon  fri>m  ftonih  to  nortli^  tlial 
i*^  ftjeawiird  uf  tJi^  nniHt  tine. 

To  ohtnin  Ihis  it  wn*  neoe»*iary  to  erect  the  building  on  lop  of  n  bill,  whii^h  t\s^ 
son*e  80  fi'ei  AUtvii  ibe  level  of  the  s+eo. 

Brit  the  buildmjyj  ttins  nt^ceswarily  becomes  exposal  t^  every  giiJe  th^it  swtsepM  ibn 
(in  of  our  ewwtj  while  it  h  absolutely  reqtxired  that  it  sJi^lt  stJind  tirmly  pbinte^l  in 
iirh  a  way  ibsit  ev</n  a  hnrricune  Aiitll  not  nhitke  il  or  nmke  it  treinbte^  as  iliai  Wi^ulil 
pfl'ect  tJie  Kigtil  of  tbe  tel^oope  in  tlie  ol)#t?rv:itory. 

The  u^iial  niod^  of  eeciirlng  b  by  huildiiiR  a  fouiiihition  of  screw  pil«  op  of  hertvy 
imbef»  Blink  int<i  the  mnA ;  the  hitler  romlc^  however,  Iul-*  this  iliKiitl vantage,  tiuil  if 
^e  wind  shUls  the^nd  away  frtun  around  the  foundation,  it  beec^ioea  undermtned  and 

i  elleet  ifr  thii!)  de»troyed. 

In  imi^tr  to  be  indejiendeni  of  all  tliiM^  I  designed  wfiat  I  consider  a  ehenp  and,  itt 
iJie  satiie  time,  an  effef.iive  anchortLge  for  tho  building  in  the  following  manner. 

The  boibling  h  *4  wootl  t^ndrely;  it  lias  a  celhir,  fiiiovc  wbidi  two  rooms,  ont 

Kjve  the  otJa-r,  and  the  whole  surniounled  hy  the  r»bservutory  proper. 

Ftr^,  the  ground  sill  is  a  mpiare  of  20  feet,  niiide  of  yellow  pine  slit-ks,  mortised 
|ci|£e{her  and  pinned  wiih  Htout  trnnncts. 

Tbe  «ill  of  tlie  olji^'rvatory  is  made  likewiFfe  of  henry  limhefB,  12  feet  long,  Tbe 
wo  sliU  are  joined  together  by  four  *totit  veHow  pine  e<»mer-i>oet^,  which  in  turn  ard 
nortiMc^l  into  both  91  lU.  The  \tfmiB  are  2S  feet  in  length*  Five  feet  altcfve  the  lower 
lill  \»  ibe  t^ill  whk-b  M]pi>ortH  the  fl<»or  of  the  flr^t  riM>m» 

Ten  feet  aljove  ihlsi  m  tlio  hill  whieb  niipttort^  the  apper  roozn. 

Both  (hc«e  ^llln  K^in  nre  tiK)rtiNe<l  into  the  eorner-poHt»* 

ThtM  jitmetnre  is  ahenthed  outride  with  Oermitn  Hiding,  inside  with  rot^h  h^tdi 
t(»veretf  with  fell,  und  again  by  tongue^l  anil  groo^'ed  yellow  pine  Ijtjards. 

Tlie  oliBervatory  proper,  tK!t4igon  in  shiijke,  h  securely  mortised  into  the  top  fttU 

id  \h  i.nver&i  with  a  iM>rrngattwl  iron  rniof,  omical  in  t^ba[ie. 

The  i!ellar  i»  floored  with  3  itieh  wood,  und  boat^ted  all  around  on  tlie  ituiide  of  ibe 


I  firtct  dtig  a  pit  in  the  Band,  aljotjl  6  feet  deep  aticj  fully  20  feet  wide  on  ibe  boilom^ 
I  then  laid  the  groniKl  or  cellar  fiill  on  tbl»  boltofn,  and  built  the  utnielure^  Ihtis  the 
Irhole  depth  of  the  cellar  l&  mmk  below  ibe  lop  of  ibe  hill,  or  the  level  of  tji«  liand. 


^ 
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X  tlten  rilled  thi^  celbr  up  eoli  I  with  iiani]^  niid   |Mick&d  il  solid  all  iirouud  llieoui 

de  nlm^i  consequently  tlie  building  is  iLnc-hored  in  Its  place  by  the  lo*;!  in  Uiec 
eome  loo  toil!*  in  weighl. 

I  dirriecl  three  hea.?"y  joiste  (part  of  ihe  jobts  whieh  carry  the  fint  floor)  thn 
on  otie  side  of  the  biiilding^  und  on  iherte  the  kitchen  wus  built,  im  that  thi&  is  *Uf>ifr 
dept^nilent  of  the  position  of  the  fiund  under  it*  Hin^'e  the  itiiuiLriiiiuin  vS  the  tuujon 
we  hiivt?  hitd  some  very  seTere  blows,  yet  there  is  no  more  ti«itibl«  in  Ih^  huildiof 
thfin  if  buiJt  uf  atont*  on  a  rock. 

A  few  fpel  fmni  the  building  fitnuds  a  sigtinl  ptwt  or  mitst,  UO  feet  Ulfih^  whkh  ctt- 
tim  a  5  foot  hall  of  mltan  covered  with  canvas;  the  ball  b  miide  to  slide  on  th«  t 
and  Ih  U8e4l  to  answer  fiigtiale  from  vessels  by  mining  iiiid  dropping  it,     As  it  ir^na 
in  my  opinion,  he  a  rather  dftngemiia  thing  to  !*iniply  place  the  mjutt  in  the  flaod- 
iniiUer  hnw  deep,  I  sank  a  well  into  the  smnd  hilh 

Thin  well  is  made  of  pine,  20  feel  dfeep  imd  S  feet  ^uarc^«     Th<^  mm^  in  [diKwd  I 
the  centre  of  the  Widl  and  ia  braced,  fmni  llie  camera  of  the  pine  t>oi,  by  »ur»e  3C' 
stout  bracts,  and  the  well  nfterwiirdg  filled  and  tig:htlj  packed  widi  Arind  iiiMiJeaiul 
outside^  1*0  that,  like  the  house,  to  blow  it  over  would  neoesKitate  moving  of  .^^^ 
tnendoLse  weight  of  aand  with  it. 


A  SYSTEM  OP  TOPOGRAPHICAL  MAFPtKO  OP  MIKES* 

Rix;f.TLAR  Meeting,  Janoart  l^tli,  ISSl.-— Mr.  Qhan.  A.  Aeh burner  expUinid  m  ^ 
brief  tlte  system  which  he  hud  derived  for  mapping  the  anthracite  coal  fields  : 
of  reprej^ntiniar  in  a  practical  way  the  toptigraphy  of  the  mints.     It  ia  propo^d  I 
enntitmct  undergronn^l  contour  curve  mupis  of  the  ininett,  the  curves  to  be  50  t^ei  fei 
tically  afiart.     Aft^^r  I  lie  arcu  which  is  worked  out  and  under  development  sbatl  ftiii 
been  eontonred,  it  is  phumed  to  continue  the  contours,  from  the  beat  inforeistiQl 
avjilnbleH,  iicroas  the  areiw  as  yet  unworke<i    A  tiubhckl  map  of  jioriions  of  «h«j  Se^ow 
B^Lisiii   in  tlie  vicinity  i^f  Miduinny  City  and  8henand«>ahj  Schuylkilt  County,  wd^  eJ- 
hlbitecl,  constructed  to  a  tccule  of  800  fi^t  to  1  ineh.  The  informatloit  which  wa&  re^ 
eented  on  this  map  waa  an  follow;^: 

1.  Elevation  of  the  outcrop  of  the  Mamraotli  coal  bod* 

2,  Degree  and  direction  of  dip  of  the  bed* 
a  Strike  of  the  l:ied. 

4.  The  depth  of  the  Mammoth  basins. 

5.  The  arenii  of  the  M:srnnit»th  Im-hJ  worked  out  and  nnder  derelopment. 
0.  The  gangwavf^  sb»peH,  airways,  ndits  and  mhafta  belonging  to  all  the  t 

alMive  and  Ijctow  the  Mununoth  lied.     Fronv  these  facts  tlie  area^  of  each  bed  wurltd 
out  and  under  development  jnay  be  readily  estimated. 

Thia  map  was  published  by  Mr.  Julluf*  Bieu,  of  New  York»  and  alUiougli  it  vm 
Joaded  WLti)  a  large  mi\MS  of  facta,  everything  wxm  clear  and  di*4.inct. 

One  of  tlie  mo«t  practical  and  itnporuint  applications  of  the  method  propot^d  by  Hft  I 
Asliburner  m  the  means  which  it  aflordh  for  the  accurate  estimation  of  the  are*  ciflliti 
ami  beds  under  any  given  Irnct,  and  consequently  ita  coal  tonnage.    It  h  reiwhly  pf^l 
ceivetl  thsit  when  the  eontoureil  area  of  the  coal  lie<l  m  flatteneil  or  ironed  oui  la^* 
hori^onial  plane,  the  at'tual  ari*a  of  the  bed,  irrespective  of  its  dips,  may  be  detfinuiiad.  1 
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Of  the  Clvb. 

SEFrEMBER  ISth,  1880, — Si)ecial  Meeting. — President  Frederic 
3raff  in  the  ihmr.    Ton  members  present 

Thig  meeting  had  been  called  for  the  purpose  of  receiving  all 
pending  nominations  for  meinberwhip,  and  after  having  trans- 
cted  this  business  the  Club  adjourned. 

OtTOBER  2d,  1880, — ^Buftiness  Meeting. — ^\^ice-President  Perci- 
fral  Roberte,  Jr.,  in  the  chair.    Seventeen  members  present. 

Messrs,  Muclcl^  and  Darrach  were  appointetl  tellers  and  the 
following  members  were  elected,  vix.:  Messrs,  Eugene  Borda* 
Franklin  N.  Ccjrlies,  Jesse  Light  foot,  James  M,  Stewart,  Joseph 
!*»  Ferrell,  David  Reeves,  T,  Carpenter  Smithy  Col.  Wm,  Ludlow, 
pid  Col,  James  Worrall, 

Mr.  Sam'l  L.  Smedley,  of  the  Committee  on  Land  Surveying, 
itjiLed  that  they  had  hekl  a  number  of  meetings  and  Imd  deter- 
miued  to  hold  a  convention  at  Harrishurg  on  October  27th j  to 
Irhich  all  the  land  surveyors  in  the  State  were  invited. 

The  resignation  of  Oen.  W.  F.  Reynolds  aa  an  active  member 
&f  the  Club,  was  accepted. 

^  October  16th,  1880. — ^ReguUir  Meeting. — President  Frederic 
Graff  in  the  chair.     Sixteen  memhers  present. 

Mr.  Lin  wood  O.  Towue  exhibited  and  described  the  Grant 
fielf-cleansing  Water  Filter. 

Mr.  Chas.  T.  Thompson  read  a  paper  on  the  casting  of  the 
large  anvil  block  recently  cast  for  Park  Bros.,  Pittsburgh,  and 
sexbihited  and  explained  drati'ings  for  a  large  pumping  engine, 
designed  by  and  now  being  built  at  the  shops  of  the  I,  P.  Morris 
Company,  for  the  Calumet  and  Heel  a  MiniJig  Co, 

Mr,  J.  Milton  Titlow  called  the  attention  of  the  members  of 
the  Club,  especially  those  interested  in  street  pavements  and 
passenger  railways,  to  the  w*ork  now  being  done  on  Sixth  Stro€>t, 
t>etweeo  Chestnut  and  Walnut  Streets,  Philadelphia.    The  Fifth 
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and  Sixth  Sts.  Passenger  Railway  Company  is  now  renewing  the 
tracks,  laid  23  years  ago,  the  yellow  pine  stringers  of  which  are 
still  in  very  good  condition,  the  fibre  being  strong  and  tenacious. 
In  doing  this  work  they  have  cut  longitudinally  the  specimen  of 
asphaltum  pavement,  laid  upon  that  square  about  five  years 
ago,  showing  the  hydraulic  base,  cushion  coat  and  top  coat  or 
wearing  surface  of  compressed  asphaltum.  This  pavement  is 
the  same  as  those  recently  laid  in  the  City  of  Washington. 

October  16th,  1880. — A  Special  Business  Meeting  was  called 
to  order,  after  the  regular  meeting,  to  ballot  upon  the  following, 
who  were  elected  active  members  of  the  Club:  Messrs.  Strickland 
Kneass,  Jr.,  John  J.  Hoopes,  and  Chas.  A.  Rutter. 

November  6th,  1880. — Regular  Meeting. — Pi:esident  Graff  in 
the  chair.     Fourteen  members  present. 

Mr.  David  Townsend  presented  notes  on  the  etching  of  cold 
punched  nuts,  and  exhibited  specimens  of  the  work. 

He  also  exhibited  specimens  of  a  new  fuel,  made  from  coal 
tar,  but  stated  that  his  experiments  therewith  had  shown  poor 
results. 

lie  also  exhibited  a  si>ecimeii  of  cast  iron,  which  had  resisted! 
a  tensile  strain  of  30,000  ])oun(ls,  whereupon  an  interesting  d\^- 
cussion  ensued  by  Messrs.  See,  Neilson,  and  P.  Roberts,  Jr.,  upon 
the  shapes  of  test  pieces  of  iron  which  had  been  used,  and  the 
desirability  of  establishing  and  adhering  to  uniform  shapes  and 
e(i[ual  sectional  areas. 

NovKMBER  20th,  1S80. — Regular  Meeting. — Vice-President  P. 
Roberts,  Jr.,  in  the  cliair.  Twenty  members  and  one  visitor 
j)resent. 

A  (lescri])tion  of  the  Fontaine  Locomotive  Engine  by  Mr.  John 
T.  Boyd  was  read  by  the  Corresponding  Secretary. 

By  invitation  of  the  Chairman  of  tlie  Committee  on  Informa- 
tion, Mr.  Geo.  S.  Strong  described  his  feed  water  heater,  an 
apparatus  designed  to  prevent  the  formation  of  boiler-scale  by 
the  precipitation  by  heat  of  such  impurities  as  could  not  be 
removed  by  filtration.     Working  drawings  were  shown  and  ex- 
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■plained.  A  vote  of  thanks  was  offered  to  Mr.  Strong  for  his 
paper,  and  to  Mr.  A.  R  Roberts  for  hi»  prestmtation  to  the  Club 
of  the  Goniometer  used  on  the  location  of  the  Alleghany  Portage 

(Kailroad. 
Deckmber  4th,  1880.— Business  Meeting. — President  Graff  in 
the  chair.     Twenty- four  members  present. 

The  following  were  elected  active  members  of  the  Club:  Messrs, 
Joseph  Johnson,  Thos.  H.  Graham,  David  Peelor,  Geo.  W.  Han* 
'ock,  and  Chas.  C.  Went  worth. 

The  following  amendment  to  Art.  IV,  Sec.  2,  of  the  Constitu- 
ion  was  submitted  by  Messrs.  Howard  Murphy,  Wilfred  Lewis, 
J.  H.  Dye,  Geo,  Bnrnham,  Jr,,  and  Lewis  M.  Haupt:^ — 

In  the  second  clause  after  the  words  "of  this  article*'  to  strike 
out  the  word  ''and^'  and  after  the  words  ''interests  of  the  Club'^ 
to  insert  the  words  '^and  who  unit,  m  njten  as  may  be."  Also,  after 
the  second  clause  to  insert  the  wortls,  "'  They  gkali  he  auMivlded 
into  iwo  dassesj  viz.:  Jiesident  mid  Nou'Reudnd  Members.  Nmi- 
Memdent  Members  shtdl  he  ihmti  who  shall  reside  for  one  f'ntrre  fmial 
I/ear  or  mare  at  a  dutdnce.  of  at  least  ffty  {tyi})  miles  frmn  Phila- 
drfphia,  ond^  durlnf/  such  residtjicej  ihnj  HhuU  he  enidkfl  to  such  rc*- 
dtictiou  i/t  annunl  due^  as  shall  he  providtd  for  in  the  By-Laws,  but 
$haU  be  deprit'cd  thereby  of  no  Club  primkgesJ^ 

Upon  motion,  the  report  of  tlie  C^ommittee  on  Land  Surveying 
was  ordered  to  l>e  printed  in  the  Proceedings. 

December  18th»  1880.— Regular  Meeting.^ — President  Graff  in 
the  chair.     Twenty -one  members  present. 

Mr,  J,  J.  de  Kinder  read  a  paper  on  the  ^'^alue  of  the  Automatic 
Valve  for  the  Bilge  Pumps  of  Ships,  Especially  for  Steamenj,  ami, 
also,  a  pajKT  upon  the  Method  of  Constiuction  of  a  Signal  Station 
un  a  Sand  Hill  at  Cape  Henlopen. 
■  Prof  L.  M*  Haupt  presented  some  preliminary  notes  of  a  paper 
upon  Intercomnnmications  in  Philadelphia,  suggesting  a  tunnel 

»of  about  three  milea  to  reduce  the  distunce  and  grade  on  the 
Philadelphia  and  Heading  R  R.  between  the  Falls  Bridge  and 
Port  Richmond. 

Mr.  A.  R.  Roberts  questioned  its  desirability  and  gave  the 
history  of  some  of  our  railroad  locatioua. 
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Some  matters  of  historical  interest  in  Philadelphia  engineer- 
ing were  discussed  by  Messrs.  Haupt,  Roberts  and  Murphy,  and 
the  collection  of  such  data  for  the  journal  was  urged. 

President  GraflF,  in  presenting  to  the  library  a  volume  from  the 
late  Henry  R.  Worthington,  announced  with  much  feeling,  the 
late  sudden  death  of  the  donor,  paying  the  highest  tribute  to  his 
social  and  domestic  qualities,  and  the  great  benefits  he  had  ood- 
ferred  upon  engineering  science,  particularly  in  hydraulic  engi- 
neering, by  his  inventions.  He  was  the  first,  it  is  believed,  to 
apply  direct  acting,  now  called  "  donkey "  feed  pumps,  for  sup- 
plying the  boilers,  whilst  the  main  engine  is  not  in  motion.  Fw 
water- works  of  large  capacity,  his  was  the  first  direct  acting  pump 
so  employed.  His  water  meter  and  pressure  pumps  for  hydraulic 
lifts,  etc.,  are  now  almost  universally  used  in  steel  works  and  on 
the  successful  pipe  lines  in  the  oil  regions.  As  early  as  1840, 
Mr.  Worthington  began  his  improvements  in  pumps,  having  no- 
ticed their  special  necessity  for  steam  canal  navigation,  when  hand 
pumps  had  to  be  used  by  the  boats  lying-to,  awaiting  lockage. 
His  invention,  then  began,  was  carried  to  such  successful  com- 
pletion that  the  great  John  Ericsson  speaks  of  his  hydraulic  en- 
gine as  ''one  of  the  greatest  triumphs  of  modern  engineering." 

January  8th,  ISSl. — Third  Annual  Meeting.  President  Graff 
in  the  chair.  Tliirty-four  members  and  two  visitors  present. 
The  Annual  Reports  of  the  Recording  and  Corresponding  Secre- 
taries and  of  the  Treasurer  were  presented. 

Mr.  Frederic  Graff',  the  retiring  President,  delivered  the  An- 
nual Address. 

The  tellers  of  the  annual  election,  Messrs.  Haupt  and  Muckl^, 
reported  the  following  gentlemen  as  elected  oflScers  for  the  year 
1881: 

President. — Strickland  Kneass. 

Vice-Presidnit. — Henry  G.  Morris. 

Rccordimj  Secretary. — Wilfred  Lewis. 

Corresponding  Secretary. — Howard  Murphy. 

Treasurer. — A.  R.  Roberts. 

Board  of  Directors. — Frederic  Graff,  Rudolph  Hering,  J.  J- 
de  Kinder,  T.  M.  Cleemann  and  George  Burnham,  Jr. 
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The  proposed  amendoienta  to  Artitle  IV,  Sec.  2,  of  the  Consti- 
tution (page  ISO)  were  carried  Ijy  a  vote  of  76  to  10. 

Mr.  Frederic  Graffs  n^tiriiig  Pre.sidenl,  then  introduced  Mr. 
Strickland  Kiieass,  President  elect,  who,  after  moking  an  appro* 
priate  address,  assumed  the  duties  of  \m  office.  Upon  niotion, 
the  Annual  Meeting  adjourned,  and  a  business  meeting  was 
called  to  order,  Messrs.  Leon  T,  Merry  and  1\  Earl  Collins  were 
elected  active  members  of  the  Club.  Mr,  Frederic  Gratf  offered 
the  following,  w^hieh  was  adopted: 

'*  Resolved. — That  the  Engineers'  CTub  of  Philadelphia  extend 
to  the  American  luatitnte  of  Mining  Engineers,  the  free  use  of 
the  Club  Kooms,  during  the  Annual  Session  of  the  Institute,  to 
W  held  in  this  city  Feb.  15th  to  IStb," 

The  resignation  of  Mr.  Harold  A.  Freeman,  as  an  active  mem- 
ber, was  accepted. 

The  tollowing  amendment  w^as  offered  to  Article  X,  of  the  By- 
Laws,  by  Messrs,  dc  Kinder,  Haupt  and  A f?b burner: 

**  That  the  Article  be  amended  so  as  to  read  after  the  word  "Di- 
rectors" on  the  (kh  line,  ^'und  he  ahtdl  wmve  an  minimi  saiari/t  the 
amomd  of  which  slmll  be  determiNfd  by  ili^  Board  of  Directors:' 

January  15th,  188L — Regular  Meeting;  President  Kncass  in 
the  chiiir;  twenty -six  members  and  three  visitoi"s  present. 

Upon  the  announcement  of  the  action  of  the  Board  of  Directors, 
directing  the  Corresponding  Secretary  to  endeavor  to  obtain  the 
consent  of  Mr.  Frederic  Graff  to  the  insertion  of  his  portrait,  as 
Pa^t  President^  in  the  next  number  of  the  Proceedings,  an  in- 
formal vote  was  taken  and  the  action  of  the  Board  unanimously 
endorst*d. 

Mr.  Chas.  A.  Ash  burner  read  papers  on  the  Progress  of  the 
Second  Geological  Survey  of  Pennsylvania  and  the  Topographi- 
cal Mapping  of  Mines,  and  exhibited  specimens  of  the  crude  and 
refined  petroleums  of  Baku,  Galicia  and  other  European  fields, 
recently  received  through  Hon.  Lew^is  Emery. 

He  also  read  a  paper,  by  CoL  Jas.  Worral].»  upon  the  methods 
w*hich  have  been  proposed  for  ship  crossings  on  the  Isthmus. 

Mr.^.  M.  Cleemann  read  a  paper  on  the  Strength  of  Wrought 
Iron  Columns,  showing  that  the  accepted  formula  of  Rankine 
and  Gordon  give  imperfect  results,  and  urging  the  necessity  of , 
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further  experiments  on  various  shapes,  in  order  to  comi^lete 
and  render  it  more  exact. 

Prof  K  M*  Haupt  read  a  paper  on  Inter-comnuiniciitioji 
Cities?,  showing  the  great  value  of  increased  facilitlt^  of  trav 
and  applied  tliem  specially  to  rhiladelphia.    The  numljor  of 
sons  mmg  the  horse  cars  during  the  lat?t  year  was  about  oi 
hundred  millions,  and  the  value  of  a  saving  of  one  mile 
distance  and  itti  equivalent  in  tinie  and  ;jof<^\  was  t*oinput( 
upon  this  basiSj  with  some  surprising  resulta.    The  paper  wj 
limited  to  a  consideration  of  the  street  system  only — the  mi  In 
f^ysteni  being  reserved  for  tlie  future.     The  pafier  contained  aai 
suggestions  as  to  proposed  improvements, 

Mr.  Henry  0.  Morris  exliibited  a  photograph  of  a  machine 
signed  by  Mr.  Wm.  S.  Auchincloss,  wbich,  it  is  claimed,  >v 
sol  re  problems  in  alligation,  direct  and  inverse  proportion,  rig] 
angled  triangles,  circles,  ellipses,  square  root,  speed  of  shafiifi| 
diam.  of  pulleys,  etc. 
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February  5th,  ISSl. — Special  Business  Meeting.    Presides 
Ivneass  in  the  chair.     Twenty-three  members  present. 

Mr.  Thomas  U.  Wnlter  was  elected  an   Honorary  Menii^er  of 
the  Club.     Messrs.  D,  H,  Shcdaker,  Rassel  Thayer,  Wm.  P.  Od( 
Henry  8,  Muiiroe,  James  11.  McCkirCi  Joseph  Mercer,  Wm.  Hen 
Baldwin  and  N.  Allen  Stockton,  were  elected  Active  MemW 
Upon  motion  of  Prof.  L.  M,  Haupt,  the  meeting  officially  mi 
unaniniouyly  endorsed  the  action  of  the  Board  of  Directors  ani 
the  informal  action  of  the  Club,  with  regard  to  the  insertion  i: 
the  Proceedings  of   the  phototype  of  Past  President  Fredorii 
Graft',  and  ordered  the  aptx>intuient  of  a  committee  of  two  mem 
bera  of  tlie  Board  antl  two  of  the  Club,  to  wait  upon  him  am!  ask 
for  his  consent. 

An  invitation  from  the  Resident  Members  of  the  .\merican  I 
stitute  of  Mining  Engineers  to  attentl  their  Musical  Keceptitm 
the  Acfidemy  of  Fine  Arts  on  February  16th,  was  read  and  ae-] 
cepted  with  thanks. 

Upon  motion,  the  Board  were  requested  to  employ  a  clerk 
be  constantly  pi'esent   in  the  rooms  during  tlie  session^bf  tW 
American  Institute  of  Mining  Engineers. 


id 

1 


,  Fbllti.,  U8l,  II,  2.]  Minuter  of  Mettmfjs.  T^^ff         1^3 

A  bill  for  expenses  of  Committee  on  Land  Surveying  was  pre- 
"senled  and  ordered  to  be  paid. 

The  proposed  amendment  to  Article  X,  of  the  By-Lawa  (page 
ini)  was,  upon  ballot,  unanimously  adopted. 

The  Ibllowing  amendment  wtis  proposed  to  Article  XV,  of  tlie 

By-Laws,  by  Messrs.  Haupt,  Lewis  and  H-  i}.  Morris :    To  strike 

out  the  opening  sentence  and  insert  in  lieu  thereof  the  following: 

The  ait  Html  dues  of  Rcskfcnl  Mernhcrs  shall  be  $7.5U  and  of  Non-resi- 

'  dejtt  Members  $5.00,  payable  Fel^nmry  laij  mid  the  initiation  fee  shall 

.  be  $5,00. 

Prof,  L.  M,  Haupt  continued  his  paper  on  Intercommnjiica- 
'lions  in  Cities,  eonsidering  the  railroad  system, 

A  letter  from  Mr.  John  T.  Boyd  was  read  giving  the  result  of 
j  further  experiments  with  the  Fontaine  Locomotive. 

Fkbruary  10th,  188L^ — ^ReguIar  Meeting,  Vice-President 
Henry  G,  Morris  in  the  chair.  Twenty-five  members  and  two 
viBitors  present. 

Prof,  L.  M.  Haupt  read  the  proof  sheet*?  of  a  paper  by  Gen, 
Herman  Haupt,  upon  the  Meigs  Elevated  Railroatl,  Certain 
ad  van  ta  gas  over  other  sy  sterna  were  claimed.  A  general  discus- 
sion followed. 
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October   9th,  1880, — Special    Meeting.     The  Corresponding 

Secretary  M*as  instructed  to  acknowledge  the  invitation  to  the 

Club,  from  the  U,  H,  Association  of  Chtircoal  Iron  Wt^rkers,  to  at- 

ftend  their  Annual  Meeting  and  excursions,  Harrisburg^  October 

10th  to  22d,  1880. 

This  meeting  was  called  for  the  purpose  of  considering  the  i*ar- 
I  ticipation  of  the  Club  in  the  Joint  Publication  Scheme.     The  past 
corresijondence  upon  the  subject  was  reviewed  and,  after  diseus- 
\  siou,  it  was  decided  that  the  C<>rresponding  Seerelary  should  in- 
form Mr.  A.  M.  Wellington^  in  whose  charge  the  matter  had 
been,  that  the  printing  of  our  present  volume  being  already  un* 
,der  contract,  we  would  decline  to  take  further  action  in  the  mat- 
^  ter  at  present, 
voi*»  n.— 13* 
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October  16th,  1880. — Monthly  Meeting.  Sundry  bills  ap- 
proved. 

December  4th,  1880. — Special  Meeting.  Nominations  for  mem- 
bership reported  favorably  and  sundry  bills  approved.  The  Cor- 
responding Secretary  was  requested  to  remind  Corresponding 
Members  that  they  are  expected  to  contribute  articles  to  the 
journal.  Messrs.  Haupt  and  Muckl^  were  appointed  tellers  to 
conduct  the  annual  election. 

December  18th,  1880. — Monthly  Meeting. 

Nominations  for  membership  reported  favorably.  Sundry 
bills  were  approved. 

The  price  of  Vol.  II,  No.  1,  Proceedings,  was  fixed  at  $1. 

It  was  decided  to  fix  300  pages,  more  or  less,  as  the  limit  of  our 
future  volumes. 

It  was  ordered  that  advertisements  be  invited  at  rates  to  be 
determined  by  the  Committee  on  Publication,  and  not  to  occupy 
more  than  16  pages  of  the  Proceedings. 

The  Corresponding  Secretary  was  directed  to  invite  subscrip- 
tions to  the  Proceedings  at  a  minimum  price  of  §5  per  volume. 

January  15th,  18S1. — Monthly  Meeting.  The  Standing  Com- 
mittees for  the  year  were  announced  as  follows: 

Finance. — Frederic  Graff  and  J.  J.  de  Kinder. 

Menihemhip. — .J.  J.  de  Kinder  and  Geo.  Burnham,  Jr. 

PuhUcdtion. — Rudolj)li  Hering  and  Geo.  Burnham,  Jr. 

Lihrai'n. — T.  M.  Gleemann  and  Frederic  Graff. 

The  question  of  increasing  the  edition  of  the  Proceedings  to 
800  eoj)ies  was  referred  to  the  Committee  on  Publication  with 
power  to  a(*t.     Sundry  bills  were  apj)roved. 

It  was  unanimously  resolved  that  Mr.  Frederic  Graff,  Pa>t 
President,  be  requested  to  allow  the  insertion  of  his  portrait  in 
the  next  number  of  the  Proceedings,  wherein  his  Annual  Address 
will  be  publishe<l. 

February  oth,  1881. — Special  Meeting.  Nominations  for 
membership  reported  favorably  and  sundry  bills  approved.    Bill 
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Mitiut^s  of  Me^ing$, 
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from  OjtQniitt^e  on  Land  Survejnng  for  exi>enst*5^,  was  rq>orled 
to  Busirtess  Meeting  of  the  Club. 

F^EBBUARY  IOtii,  1S81. — ^Moiithly  Meeting.  NoininationB  for 
membership  reported  favorably  and  sundry  bilb  approved. 

The  salary  of  the  Corresponding  Secretary  wa.^  fixed,  tor  the 
present  year,  at  $000,  witli  the  understanding  that  he  should  per- 
form the  duties  of  the  Recordiiig  Secretary  and  Treasurer,  if  re- 
quired. 


CONTRIBUTIONS  TO  THE  LIBRARY. 

Feom  Septembee  ISTj  18B0,  to  Afril  9tk,  18S1, 


From  thf  INSTtT!:Tif>N  «f  CIVIL  BUOI- 
JIEEHSi  Mft.  J  Alt  fell  Ftmuutt,  t^irc't,  Lfindon. 
J>uti|,'iM?< — Th0  Sr***ii  St«ii«ii  Iflj^bl  VoM*l, 

Til*  KAnil&hBr  lUUwftT. 

Ilm^l«r — Til**  Aisi«t«rit»iii  ^Mp  Caaftl. 

tlHtri^*— Prill c^p&L  liijritemA  ot  El^crtrle  Lig'bt  In 

P«4<  fi  Eufflftnit  and  lu  tli«  UuUoit  3ta(<«a^ 
&«oci  libtl  Rvfl^rmvet  Bernrnj*  antl  (J rani — Port^ 

IjLDit  Ceiuent. 
MiliUrr^  Wlittkj^  A  ad  Ca  pp4ftbv  ill  t^^KftfCfa  work 

THA[n|)«4:iii— U^ht  Draught  S*I*t*l  P,  8,  '*TeiT»^ 

nurm'*  fttt  Uc»ftq  itud  Elv^i'  K*vlgiiUuu« 
llbaiir^^isiilJ  IIoltv«  Power. 
AtwUmfU  of  PAperatii  Farelga  TnL&iiii«^Uouii  Knd 

Pf^rlvdJfalt^Vot.  LXn,     Sottlan  1«70^|0. 

P»rt  4, 
OarebvimH— TM  Moiitci  Pi^nnji  Wlrti'  RopeWHX- 
K*ciloiWD— Tb&  StiMtjr  Utftiid  Li^'htbotifiv,  Ati« 

ti^Ji^  W«*l  tiii1i#»*- 
Tf^wiu — Thf  Ci>-(iffiri4«Dt  oT  Air  Flowiuiir  In  LciDg 

i!if?Mii«!ry   fur    &ti'**l    Maklui;   by    Uic 
#Mirr  HJid  SleiuHli*  PrucniiMHH. 
ItoY^^t — Crib  work  In  Caiiadii.. 
Mii«li'miit)--Tbe  Hlr^r  Wciiivf»r  ^nvlfMlaa. 
lunititl  M*'^pi>rt  i>f  ittt*  i%><in(!l|,  Dr.r,  isut,  lS«n. 
*4*lrf'»«  of   Jmmi*   Abt^rut^iliy,  Rnq  .   F.H  8  E.. 
Pn^tdt.  of  JfiNt  C.  E  ,  Jail    Mtb,  J^^l, 

AC  ilii?  Queliffc  H»rt}<itir  W«rk«, 
W^f  ruiK'b^Ttif  UULm&tfl  Working  Strvlifftb  of 


Abstrt^U  i*f  Ffcp«t»  In  Furt"!gn  TrmiP!Ketiiutip  and 
PrfU»illeml»~Val.  tX  J  J 1 .  3f  »>»U»ti  1  hEOSl . 
Puril 

8ojrri|f— Thn  Pllf<rr*iiit  Mu^jiiii  of  Breetlag  lfi»o 

GovtiruiDOiiCRiiMwfLXii, 
From  tliv  SUCIET^'^  of  ARTS.  Lond^a. 

FroiuthpAEKONAtJTtCALSOCtKTYofGREAT 

IJHITAIX 

Hit.  Fiii!0.  W.  BtiKAitKiT,  Sflc'y,  Loiidoii, 

Htli  AtiaiiM^I  R(rpi>r[  firr  16TU, 

From  Lbe  UfSTlT^TJCiX  of  rJVlL  BNOISEERS 

onRBLA^fL^  i>ut<Hii. 

Mir,  ls:9,  VoL  XJU 

from    tb*  SOCIETV  «f  eiVlL    E^IQINESES, 
Pftrta. 

Ilfinu1ri«h— «lttly,  Auif-n  ^#pL*  Oct,  Nuv.  *inl 
I>pr„  tfJM);  Jan  ,  iSflL 

From   L'APMINISTHATION    PES  FONTS   IT 

H.  IH1H0II,  iUltur,  PariK^ 
Atiti)iti>H — i$(4|iL,  ()eL,  Nav.,  IbSO;  Jaii   aurl  Feb., 

Aneor— l^B   Tafif*    ^i**    ChrralBi    dt    F*r   « 

I/Aiitciritu  <l<t  b'Etat. 
PufiqudcJ— 1^1. 
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Co7itrihvtion8  to  the  Library. 


[Proc  Eng.  Qub, 


From  the  AUSTRIAN  SOCIETY  of  ENGINEERS 
aad  ARCHITECTS. 
Mb.  Jossr  Mklah,  Editor. 
Wochenschrift— 

Zeltschrlft— Parts  VIII,  IX,  X,  XI,  and  XII, 
1880 ;  Part  1, 18S1. 

From  the  8AX0NIAN  SOCIETY  of  ENGINEERS 

and  ARCHITECTS,  Leipzig. 
Proceedings— Ist  half  1880. 

From  the  IMPERIAL  TECHNOLOGICAL  SOCI- 
ETY, St.  Petersburg. 
Transactions— ParU  4  and  5,  1880. 

From  the  SWEDISH  SOCIETY  of  CIVIL  ENGI- 
NEERS. 
Mr.  C.  a.  AicqbtrDm,  Sec'y,  Stockholm. 
Proceedings— Fjerde     HUftet,    Femte     H&ftet, 
SJette  Httftet,  1880. 

From  the  PORTUGESE  SOCIETY  of  CIVIL  EN- 
GINEERS. 
Mr.  a.  Dirbccao,  Sec*7. 
Proceedings— Feb.,  Sept.  and  Oct.,  1880. 

From    the     EDITORS    AND     PROPRIETORS 
MESS.  A.  A.  C.  NEVES  and  F.  L.  T.  C.  DA     ' 
SILVA,  Lisbon,  Portugal. 
0  Constructor.     First  Series.  Nos.  1  to  12  inclu- 
sive, 1880.     Second  Series,  No.  I,  1881. 

From  the  ARGENTINE  SCIENTIFIC  SOCIETY. 

D.  Eduardo  AoriKRB,  Seo'y,  Buonos  Ayres. 
Aiiiilos— .\Uir  .  Oct.,  >'«>v..  Doc,  issO;  .Ijiu..  1S81 
B'T^^— La  Vidii  y  C».>Htiiiiil)r«'s  dc  los  TonnitoH. 

Fn.m   the  AMKRKWN  SOCIETY  of  CIVIL  EN- 
<JK\EEKS. 

Mr.  John  Bcmiart,  Scc'y.  Now  York. 
Tniiisactions— Sept.,     Ort.,     Nov..     D.-c,     ISM); 

Jan.,  Feb.,  l^sI. 
Iiult-x  to  Library— Part  1.  Railroads^,  Oct.,  LSSO- 
I^ni^ionof  List  of  MoiubiTH  to  Feb.  l»t  ISSI. 

orn  the  AMEKK'AX  INSTITFTE  of  MINING 

ENCJINEEKS. 
Dr.  Tno^*.  M.  Dhow.v,  Seo'y.  Easton,  Pa. 
K«'rr— TIm'  Mica  \o\uh  of  North  Carolina. 
Maynard — Remarks  on  a  Gold  SiK'cinien   from 

California. 
Munroe— The  Los.s<^h  in  Cui^per  Dres!sini:  at  Lake 

Superior. 
Kerr — The   (Jold   GraviN  of  North   Carolina. — 

Their  Structure  and  Oricin. 
Raymond — A  <J ios.^ary  of  Miuinvr  and   Metalliir- 

Kical  Trrms. 
Egb'ston— Thf     Manufacture    of     Cliarcoal     in 

KiluK. 
Kimball— A  Flux  for  Rolling  Mill  Cin.ler  and 

Slllcious  Iron  Ores  in  the  BIa.tt  Furnace. 


Prime— Supplement  I.  to  a  Catalogue  of  ddal 

Reports  upon  Geological  Surveys  of  tbe 

United  SUtes  and  Territories,  and  of  Brit- 
ish North  America, 
proceedings   of   the    Lalce    Superior  Meetisj, 

Aug.,  1880. 
Irving— On  Mineral  Resources  of  WiseoBsin. 
Kimball— On    the    Self-Flnxing    Propertiw  •( 

Chateaugay  Magnetite,  from  Clintoa  Ceu- 

ty,  N.  Y.,  and  ito  Treatment  in  the  Blast 

Furnace. 
Fraier— Some     Copper     DeposlU    of    Carroll 

County,  Maryland. 
Drown  and  Shlmer— The  Determination  of  8111- 

con  and  TiUnlum  in  Pig  Iron  and  SleeL 
Barnes— A  Comparison  of  Certain  Forms  of  Port* 

for  Steel  Melting  Furnaces. 
Rolker— The  Silver  Sandstone  District  of  Ftah. 
Blrklnblne— A  Short  Blast  at  the^Warwieli  Fur. 

nace,  Pennsylvania. 
Wltherbee— Notes  on  Two  Scaffolds  at  the  Ctiu 

Point  Furnace. 
Wltherow— Removing  Scaffolds  In  Blast  P■^ 

naces. 
Egleston— The  American  Bloomery  Process  for 

Making  Iron  Direct  from  the  Ore. 
Herrick— The  Eighty  Ton  Steam  Hanflksr  »l 

Creusot. 
Munroe— On   the  Weight,   Fall  and   SpM*  •f 

Stamps. 
Drown— The  Determination  of  Sulphur  is  8«l- 

phides  and  in  Coal  and  Coko. 
Sandberj;- On  Kail  Specitications  and  Rwl  la- 

.sjieolion  in  Europe. 
Rothwell— The  Cost  of  Milling  Silver  Ore*  in 

Utah  and  Nevada. 
King— The  Chemical  Reactionfi  In  the  Bessemer 

Process,   the    Charge    Containing   bat  a 

Small  Percentage  of  Manganese. 
Transactions— Vol.   VIII.     May,  1879,  to  Ffb.. 

ISSO. 
Dudley— The  Wearing  Power  of  Sieel  RsiN '» 

Relation  to  Their  Chemical  Composition 

and  Physical  Properties. 

From  the  AMERICAN   IRON  AND  STEEL  .\S- 
SOCIATION. 
Mr.  J  a. MRS  M.  Swank,  Sec'y,  Pbiladelphi* 
Bulletin— Weekly. 

From  the  UNITED  STATES  ASSOGIATIOX  OF 
CHARCOAL  IRON  WORKKR.S. 
Mr.  Johjj  Birki.muxe,  Sec'y,  Phlladolphiv 
Journal— No.    1.    April,   1S80    (back   number.  2 
copies),  Nov.,  1S80;  Jan.,  1^81. 

From  the  PI  ETA  SCIENTIFIC  SOCIETY. 

Mk.  W.  II,  Brkithafpt,  Sec'y,  Troy,  >'•  Y. 
Papers— Vol.  II,  No.  1.    ISSl  (2  copies). 


Fhila^  1881,  IT,  1]  Cmdnhidwm  to  the  Librartf. 
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Fro**e**lii(f»  t*f   laJHli    RpgnUr   Mrpitlujf,   h*»lii 
Fvb   iKi  hDil  3d,  IMI— OlicaMiou  yf  ArtU 

proc*«dlBg»— VuL  V,  13*0^80,     Bound. 

Ftum  Ik*  Boston  society ^f  CIVIL  BNal- 

^EERS. 
Mic.  S,  IL  TtjtiftrAH/Bee>, 
He«ord*  u(  Meeilne»--Jiiiie,  Be  pi,,  Oct.,  N«ir., 
B«e.f  iSm;  JttJi.,  Ft^b.,  18^[. 

Frum  IJiP  ESOrNEEBH'CHTB  of  CLEVELAND. 

OiOBUlr  ihip  Hull  war  Projectti. 

rroin  tilt?  Ea'G[NEERS  SOCIETY  of  WESTERS 

PESKSYLYA5IA. 

Hft.  J.  H.  Hahlou^,  Si^c>t  FUuboTifb. 

|tftb«A— CoiiiUli£tlou  of   KftrtlL*  Rod   Sllp«    In 

Williftiufr— Tli^  0ftiik«  FilddHng  Fnmwif^. 
K<»<7*cN— Tbe    Bfcsli!    Popliopiphorltkug    Frofre«^H ; 

Wttut  J I  In  Hud  Wii«.t  MHf  B*  ExpBCiid 

Frucu  U. 
DUcuttlou. 

MAlntn — I>*ni  of  tht  Hontanbrj  R««ervoir. 
Anuunl  Rt^poH*,  J*ti.  l^Lh,  l&il. 

From  tliii  m)3TON  PUBLrc  LIBRA  BY. 

Ma.  MkLLKir  CHAitJiiKmLA.r?i,  LibrfrrUti. 

finilotla— J&a.t  l^^l> 

From  thft  AMEEfCA^N'  PHILOSSOFMICAL  iOCU 

ETY.  FhUmleliibla. 

Mr  J.  P.  Lk^^mit,  SfcY 

Lilt  «r  MtfitiN'fi. 

rrum  Uie  PBILAIiELFEUA  SOCIAL  gCllNCB 

A6*StiCJATU"X, 
L«'li>nd^]Di|ij«irt«l  itod  I>eoor»Uvs  Art  In  Pul>- 

ilc  tlthooU,  l^««0. 
Rotfifigiirtf*!!— Pcb&l  ttbd    R«romatoTy  Inittltii- 

Sqifb<*r|,*ttr — Xoiiilniitiotift  for  Public  Olll^Q, 

Wmta  tbi.  FRAXKblX  i5fSTlTrTfJ,  Fbll*. 

Hh,  l*AiLC  XomHfH,  S«e'jr» 

JgttfitaL — ^|ii.,   0«l .  5ov.«  J>o«.,    IS80;    Jttu., 

Fijb.,  Mur,  1»SL 
fl«|ipl«iuf<ut  t<j  M*rclir  l^L     PL&befl  of 
BndLff^Wtiiiriais  .Povrervf  Stfrl  KmUji. 

FrtiiM  MB,  ALFREI>  R,  &  6ELWYX,  Dlnekiror 

It«i|^  S»  Af  romiwiiT'  M«|iorL  fif  Frtij^  »■»,  1S77-7B. 
R#twn  %ft  Prv|Er«M  fvr  1878^70. 


Fnim  tbe  P.  S.  COAST  and  fiEOIlETIC  SUKVEY. 

Hon,  C*  P.  PATTMi-so*,  itip&Hiitf*uJ<nil, 
MR.  J.  E.  HilUjIAI*,  AB^litniit  \u  rbAfftu  uf  OOlf  e. 
Anuuii]  Ri'port  orSnttertut^iideai  for  1§77. 

Fn.ai  GEN.  a.  CJ,  WRlO ITT,  Chief  of  Kwifliieoii, 

V.  S.  Ariui-* 
Wfltul— TranaUaoti,  13.10,  of 

Vou  Wojt^igpcoiid  Trc^Rtl^D  cia  ttiu  Deere*»t 

of  Wat«T  Lu  gptlp^t,  Cr«f  k*  atid  RiVf?» 

CotKemporaatHitiBtx  with   rii  Jucri^ft^r*?  \a 

Uipighiot  F]<Md*  in  CulLlrutAj  Coaiitrl<;f« 

IhTO. 
Chief  of  ISoiflin-Hru,  U.  8.  Arinf— Rtfpon  for  1S7B»  i 

Pur;*  1,  J I  Ao4  Ut,  bouiid. 
Weitiel-^TrmniliitloDt  Ib80,  of 

Vou  Wejt— A  L«'ettir»  on  thu  ItnpmvetueDt 

of  the  DiLDiib«  Rt  Vicnq*,     l!5i7Q. 
One  Pampblel,  Ihm,  coiUAiuiag— 
Blxby— Noteii  oa  tin?  Btfnof  th  of  Hollow  Brick 

Id  Arcbos  Whoae  ^pau«  »r*  Ajrproxiiniilelf 

3^4  *tni  >}3%  (vti.    lam. 

BtJKb; — Alfrthoil  of  0«*iieriil  Nuim^rlcal  SalnUab 
HB  to  Both  Solution  of  K«iuiitlon*  ftiid  Ititor- 
polmtlvu  In  Script.  £^Hh  SflluctQd  i^iid 
Het!oiimioiidoii, 

Blscby— TrmiAliitloii  of  M .  Crofcritte^B^^tno^ciM 
(18T6-TT)  Cond«Q»ed  Ttiblca  of  thi^  RnUm 
w  tif  FoUowed  til  th«  AiipMcRtUm  of  the 
Dllfcreut  Procf'i^iaiKt  of  Fuuiulattoni  jiud 
('uiidt'iiaed  KuU^  Atiii  T»l4«ji  f"f  ObtHlii- 
lud  Cnrv<!>ii  of  FreMtir«  lo  Arebe«  of  Mm^ 
Koary  Brid^i^n, 

lCiiflt««lp|d  Biv<«r  Commlsvlon— PrellmlniTX  Re- 
port-   ISS(K 

QlkiUff — An  not  I  Ri^port  tJi  .Tolnl  Cotiiml^Bioii  fut 
the  Ci}[|i|iltHlou  of  tliij  WiiJshtugMii  Moaa- 

WfA— A  Leclan^  on  the  trognnjt  nt  tiui  Workt 
af  Co{iipl#itoti  cif  tUc  Ni<w  Iniph^vi.'d  Bed 
of  tbo  l>]L&u1iD  M  Vb'LLUn  nitd  the  Lt'HaoDB 
Tiirt(!fht  Tli»'r(*by:  Tofff»th»r  wHb  n  I)#- 
•crlpttun  iif  the  CAlttriiTupbe  FrMilucf'J  bjr 
tho  tea  <Jory:p  uf  \%m,  Tmnnliit4>d  by  Q, 
Weltiel,  Jlii>r  af  Kni^lneerB.    lSt»l. 

Fraui  MR.  WM.  A,  tKOHAM  {muinbc'i-  of  tbt 
Clob;,  Sucretftry  ^t  Ihf  BoRfd  wf  CtiiumU^ 
iiutirrii. 

SeeoDd  G<>i> logical  3 nrreyuf  PannByiTftBli— Re- 
port*;  €*,  Q»,  0»,  O"  and  V';  bouoti. 
Uapn  and  Chirtft-^C  *,  I  ^.  R  and  T  j  bound, 
Re|)Oi-t«  ;— O*,  ^^^  H,  P  tcM  and  tt. 

FfKjm  the  PENNBYLVA*XU  R  R-  CO. 

LflDi^tli    i>f   TrftekB    of   cbn    RallroaitB   0«n*d^ 

LeBP^od^  Op«<rated    and    ContJMlt«d,   0ee* 

31  Kl,  isatL 
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ContrSfuthm  Ut  the  Lihrurtf. 


[Proc&^M|l 


From  the  Rt>AD   MA8TKBS'  MEETIHa  of  tli« 

ATLANTIC  AND  ClRKAT  WK8TBR5C  R.  B, 

Uft,  CUA%tt9  LATrMRft,  €blor  EDgtflMf. 

rrocL'edliijffc— Not,  I'Hlt.  ii*7tt. 

J?™!!!  thft  BOSTON  WATER  BOARD. 

Mil,  LiciK^ftU  H.  CirTTEK,  CliAlm&ii. 
Hh  Auuv»l  Rflpvrli  far  tbv  jtmr  endluic  April 

Prom  MR.  JO  [15  KKNX£DY,  Chief  Eu^iif^er  of 

lb«  llHrtH^ur  iif  MuuuDftL 
HiLrbDur  CnptmiiUalaqfiir  <if  MMOtrvnl — Rfr|K>rt  Id 

Itirl&tLuji  lo  tiiipixiTc^meaiJi  iu  thtf  HftrbuBf 

fcud  ]>ifiejji4MilHg  the  Hhtp  t;h.itJiitiiiL  b0twe«a 

JMuu|;r«iil  aad:  (JuvbBO.     1^^7(1. 
InjUiiJ  wUti 
HiirUauT  MiMtt«r — Report  fur  lS7ti. 
Uftirbuur  ComJulsMtiitiifrrtt   at    Montl^eA^— Anjiatkl 

Kf  port*  fDr  1S77,  187*  biLiI  tS70. 

Frum  HON.  THEUS.  FRENCH,  Audlior  of  E»il- 

IMM,d  AcCOUliU. 

Audiifcl  EtoporU     l^m;  liouuil,  ' 

Fmai  th«  lnw  HENRY  R,  WOHTHlNGTON.of   \ 

New  Vork, 
Th*i  W(»nhlu(fi4»ti  Stiiatii  Puuiiilti^  Engine,  1&76; 
btiund. 

Frou)  tkff  Author^  CAPTAIN  JOHIf  fiRlCSSOIft 

EhfrftAon— Ilk  €ontrUiit£iou»  t^i  the  CetitcMitilii,! 
ExblblUou.     ElegKuUy  buubJ,. 

Frocu   MR    G.    B0U6CAREN,  CoainUing   And 

JMiicfpiil  JKii^r.t  €in.  t^ou.  HmUwaj. 
Lovctt — Report  «)f   frograHia   of   Work^  C<»tt  i^f 

Cuu*irutCigji,  «t«.,  C,  i.  R,  W.    5u¥,  l«l, 

IftJi). 
JidUACHTfio — Report  of  l*roi;reH«  of  Work   &iid 

Com  of  ConaLTuvtioji,  V,  H.  B,  W.    I><fc-  lutf 

lii77. 
So HBOftroii— Report  of  Fn>gr«u>  ^f  Work   feud 

Coiiit  of  CojajiltJtiug  Jittd  HuuUlulug  the 

€.  i&,  R,  W.    Jau  Ut,  li^. 

Fiom  MAJ.  H.  W.  CLARKE,  C.  E.,  Syncuie, 

New  Yiirk. 
Roph>rt  tff  tlio  Rp^Hiitft  uf  the  iTatvcnlty  at  tbe 

ijytti)  of  N«w  York  on  Lhu  Re-tJurYej  (if  tlie    | 

Nt)w  Vtiric  nbd   F«uiitt.  BauMd^iJ  Llue* 

Marub  l-ttb,  IMTW, 
JoEirttAl  tif   the    Bo  aril  of   Siip«rTiMr«  of    tk« 

Couiutjr  of  Qduiidagti  f#r  li^. 
5taiiuftj   of    the   Bo^ird   of   jjuperrliorii  of   tli« 

Coiiai;r  of  Ouonda^K  for  ti^^ 
IffiW  York  jLnd  FcDUAjlv4i,Dltt  Bouadlirj  LiQO^ — 

Report  of  Coiiiiul»»lou.erB  to  tltq  Rej^^tiii 

of  thu   lTLkLTer»itjr   of  ibe  itale  uf    New 

York.    IBSI. 
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Report  of  fclie  EftfV&lA  of  the  LTalrinnitl}  of  !;>• 
SU[«  «r  Now  York  on  Ui«  R«-i^(|rr«;  dl  lU 
If*w  York  mud  Penci^iifMU*  J^mUv^ 
Line.     !&S0. 

From  ih<^  AMtbor.  MR,  ELIOT  C.  CLAEK1,C 
CliiJ-k«—  P*paropS*wer*«o.    15«3, 

^^Itjr  ^itv«ii|f«rfaf  At  Bcwfeos.    im 

Pr«ro  MR,  E0WAB1>  R,  A5I>REWS.  New Yiiif. 

PhmUMgtMph   of  Teeit    lilot'k«    eJtpoo^d   iu  Ctp* 
*    Feifcr    Rlv^r*   b«low   WUiDinikib>u,  if 
fhrtfrliitf  tlifl  preAflrrmtieii  wf  »  wd  Ij 
.    BOtlii^  frouk  deitrii^UoD  l»y  Uto  T«] 
Fmrnt^d . 
FrocepdiAgs  of  tbfi  Sit(Ni&d  AjlhiisI  MHtlif  of 
th9<  Im«rafttloiial  Ro^ 
tloK,  lim. 

From  MR.  GEORGE  H,  COOK,  Suit*  Gwl. 

»f  Npw  Jeficy^ 
AuuubJ  Ropurt  for  16^;  wltli  Pmffwailaf 
ibfl  Si»t«  of  New  Jereey,  l*W< 

Fkhb  MR.  T-  GTILFORU  eSMITH.  BuliK 
N.  Y.^  thrtitigb  Aaisncui  S^ifilvt^r  ot  UiU 
ED£iit(!icn« 

FbUn.  M  Eejidlttg  R.  R.--Rttpurt»  f>»  Om  ?«ii» 
1654,  'm,  *6:d,  *CM  (ii  ofipJua^,  'M»iid  "««. 

From  PROF.  H.  T.  BOVEY,  M<nitf»*L 
Borej-*€ril»work  In  CiLii»di. 

Fram   MR.   WINTHROP    SARGENT,  Jfi..  ii^j 

UMIUJi,  F«[i.lLK. 

Nine  lAriffu  Pbotugrttpli*  vf  iioOdaoUvt  EaftMt^ 
—Poll  11*.  R.  It  Simad&Mf. 

From  MR.  ORO.  B.  GOIISTOC&.  M«h«fllf«bflif , 
FeauiflvAalA. 

iell&r* — lD(ipr»Tflmooto  la  LoeomotiT«  E&nia** 
Had  fUUwAja,  CludiutiAU,  1MB. 

From  MR.  W,  W.  HRIOUKN,  Erie,  Faiia'i. 

E«purt  of  tho  W»i9r  CoiomUtee  «»a  ib^  AewuX 
of  tbe  Witter  Cotuizilisioiiprv  forf«4tJ«^ 
la  1H76,  fit«.  , 

Luit^— Kufwrt  on  MIU  Crevk  Bow^r,  iHftl  ^H 

Aiiiiiiu.1  Mi?iiBA|(e  »Dd  Report,  Erie,  ISil-  ^H 

Prom  MR   JOHN    McARTHt*R,  JR.,  kttkitm 

of  Lhfl  New  Piibtle  UtiildLtiMBt  «!(:. 
Tlift  N««v  Fubile  Buildings  wn  P4BA  fti^uu*  Im 

tb«  Cit/  of  i*btJiLdtjljibl&,  iSSa.    &»aki 

nilly  LUiutrafed. 
Tki«  N«w  PubUe    Hitlldlnff*— a«<itiOft  tl>n«l^ 

Towetiild  Kortb  CsotriU  PuTlBoii— Uff* 

Fb4»l«gr»pb. 

Fn»m  th9  «atkor,  MR.  W.  BARNET  Li  VX%,^  m 
PbllJid&LphlH.  f 

LeViia— The  W«ak«nilif  of  3t«&fia  RoUen  1<T 
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CuttlDf  Hul^ft  la  the  Sbell  far  0oibiu  mad 

Wmm    the    anlbor,    MR     DB^fHY    CAEVILI* 

Th«  aarfmcd  Ge4>Jn|0  of  Phli^delptiU  iUld  Si- 

cluhjr. 
On  Bideropbylllt*— A  K«w  SttHfrfAL 
Tli«  OptLcm]  Chanater  tjf  3om«  MleM. 
Oti  Fhi)«delpfaite  (S|r.  N^jt^^    ^  <^^pl<^it. 
On  *  Npw  Pneoldftl  FUut  frotti  th?  Trlu. 
The  TnAtoii  Qrmvvl  And  I  to  Belmtloa  to  tb*  An- 

^uttj  of  IIau. 

Wmm    ItESaRg.    BURNFtAM,    PAHRT,    WIL- 

LtAK«^  &  CO. 
tUuPtrmled  CkUloifu^  «f  tli«  Ba^tdwili  Loeomo- 

t^r«  WfifkB,  ISSL    Bound, 
rroin  ICKSsns.  JOHH  WILEY  ft  B058,  Fub- 

ltiil»«n,  Kaw  York. 
CfirtbelJ— A  HlMojy  of  tb*  JeUlet  At  Ibe  Moulli 
of  £b»  MlHilulppj  River,  \hm.     Huuiid 

FroQ  MR.  P.  B.  BAI&HAJtZr,  (H«mb«r  of  the 
Ctuh). 

Cvlrlit— TvpuirmpbtcAl  ioftej  of  IIib  Adlros- 
dneli  Krjiri""*  of  »ew  Tof%.  3d  to  7tb  Re. 
part  l?J'-l— 79. 

Coo  {»«» rw  w  ti ,  K .  r . ,  W»l»r  Work**  Pb  oWy r»p  bt. 
PiLtn|iliig  M«pbU«iy,  1  rkiw.— Mfrtbud  of 
Ln^lDg  8abiii«fj£«d  Flpv,  £  t1«w«-. 

l-fotn  JUR    WM.  UENEY  BALJiWIlf  (K«Bbtr 

«f  tbft  Qiabj. 
7bi  S«wenff«  mud  DmlUAire  of  Kowp<»fi,  R.  t.* 

W&rlBf — Tba  Sewcimj^a  of  Mpiupbla. 

frvm  MB.  CHiJ.  B.  BILLIN  (Meiaber  of  Ibe 
Cifibj, 

A  Q*lier«l  Peieri^lloii  of  Iba  fibtta  of  tadlAJift, 

Pfttti^clu*  of  lb«  lUlAJkA  Coal  Coaipftnf «  1^1, 
Caroit— Tk«  Local  AdvuiUftit  of  tii«   CU)^  of 
lJtdl«aftpdlLi  u  ft  H*iLttfA«ltttii!B  Ccatt«, 


Fram   ME.  JOHH   T.    BOYD    (Member  of    tb(» 

Tilt  FfrntoSno  L(tefltaotlrft^Plio^f;i^nif>b. 

f rotfi  ME*  CJQAS.  0.  DAREACH  (Mtnsbof  of  ttt* 

Ciali). 
MeFAdili^iii^^peclftl  Export  upon  M^lhoit  lo  Pro- 

Tld9  Supplj  tif  Sabiildwl  Wftt«r  for  PblJ«- 

del  phi*. 

From  PROF.  L.   M.  HAUPT  (H«iBb9r  of  feb* 

Club). 
Tbfl  golimolttffl»l  aoi<l«t]r  of  J«p&a^  Mr  W.  S. 

CbapLfo,  iJet'y,  Toklo, 
ProiewdlQfi  of  Geaer«1  KeetlAg,  AprU  24,  tftSCl. 
R«poH  Of  H^rmAti    H^dpt  ftD4  Jm.  L.  Mnf|i«, 

Coataltlai:  Eagn.,  oa  tU«  Jfelga  El«TAl9d 

H,E.»l8gL 

From  ME.  HENRT  Q,  IIOEEI8  (Member  of  tbe 

Club). 
Pbotogriipb  of  AncHtnclciift'  AreragliiK  Mfe^blae. 

From   Mr.  A,  E.  BOBBETii    (Member  of  U&e 

CJttb>. 
The  fiottlometer  aaird  ^a  the  Survey  for  Ihi  Al- 

le^betiy  Portage  E&liroul'(TA<  instrm- 

From   ME.  A.  W.  3HRAFBR   (Member  of  tbd 

Clab). 
M^Bgrs.  gbenfer— DlftgriiB  of  Ibe  ProgT«««  of 

ibe  AiitbrmeUo  Co&l  Trade  of  Peon  ft.  wltb 

EUtLelicftl  Tablet^  ete.,  laTft. 

From   Ibe  Aotbor,  MR.   DAVID    TOWNSEAD 

(Membor  of  Uic  Cinb). 
To^aeead^Tbe  Flow  of  MflUt«t  1S7S. 

From  COU  JAUE9  WOEEALL  (Meidberof  tbe 

Clob). 
n«  g,  Eiig:Liieur«'  EefKirt  TraDftinlttltig  Eeport  of 

Eiftiuiiifttloii  bf  Qol.  JiAmoi  Worrell,  of 

Eed  Baak  Creek,  Peaaa. 
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LIST  OF  MEMBERS. 

Additions  to  April  2d,  1881. 

Honorary. 
Walter,  Thomas  U.,  Architect,  720  N.  Broad  St.,  Phila.    Elected 
Feb.  5th,  1881. 

Active, 
LiGHTFOOT,  Jesse,  Civil  Engineer,  61  Harvey  St.,  Germantown, 

Phila.    Elected  Oct.  2d,  1880. 
Stewart,  James  M.,  Civil  Engineer,  Mexican  National  Company, 

Calle  Cadena  No.  11,  Mexico,  Mexico.   Elected  Oct.  2d,  1880. 
Corlies,  Franklin  H.,  Mechanical  Engineer,  Gang  Foreman 

with  Wm.  Sellers  &  Co.,  1507  Race  St.,  Phila.    Elected 

Oct.  2d,  1880. 
Ludlow,  Col.  William,  Civil  and  Military  Engineer,  U.  S.  En- 
gineer, River  and  Harbor  Improvements,  1125  Girard  St., 

Phila.    Elected  Oct.  2d,  1880. 
BoRDA,  Eugene,  Metallurgist  and  Mining  Engineer,  326  Walnut 

St.,  Phila.     Elected  Oct.  2d,  1880. 
Fkrrkll,  Joseph  L.,  Hydraulic  Engineer,  2218  Race  St.,  Phila. 

Elected  Oct.  2d,  1880. 
Smith,  T.  Carpenter,  Mechanical  Engineer,  with  Wm.  Si41ers& 

Co.,  312  N.  33d  St.,  Phila.    Elected  Oct.  2d,  1880. 
WoRRALL,  CoL.  J  AMES,  Civil  Engineer,  Harrisburg,  Pa.     Elected 

Oct.  2d,  1880. 
Reeves,  David,  Civil  Engineer,  President  of  Phoenix  Iron  Co., 

Phoenixville,  Penna.     Elected  Oct.  2d,  1880. 
Kneass,  Srickland,  Jr.,  Meclumical  Engineer,  with  Wm.  Sellers 

cV:  Co.,  418  S.  loth  St.,  Phila.     Elected  Oct.  IGth,  1880. 
Hoopes,  .John  J.,  Civil  Engineer,  Engineer  Corps  Penna.  K.  Rm 

2050  Pemberton  St.,  Pliila.     Elected  Oct.  lOth,  1880. 
RuTTER,  Charles   A.,  Meclianical    Engineer,   424  Walnut  St... 

Phila.     Elected  Oct.  10th,  1880. 
Hancock,  Geo.  W.,  Civil  Engineer,  40th  and  Lancastei  Avenue, 

Phila.     Elected  Dec.  4th,  1880. 
Peelor,  David,  Civil  Engineer  and  Surveyor,  Johnstown,  Cam- 
bria Co.,  Penna.     Elected  Dec.  4th,  1880. 
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iJoHNSOK,  JosKPH,  Survoyor  and  Regulator  Utli  Survey  Dii^trict, 

Phila.,  mi  N.  40th  St.,  IMiila.     Elected  Dee.  4th,  1880. 
(Oraham,  Thob.  H.^  Gen'I  Manager  Candela  M.  &  S.  Co,,  car6 
Mi^ssns.  Milme  Bros.  &  Co,,  Laredo,  Texas.     Elected  Dec» 
4th,  IKSO. 
[Wektwohth,  Chas,  CI,  P.  A.  Engr.,  New  River  R,  R.  Co.,  Poaris- 

burg,  Giles  Co,,  Va.     Elected  Dec.  4th,  188(K 
IMerky,  Le(ix  T.,  Surveyor  and  Draugthsnmn,  Lock  Box,  No* 

1601,  Phila.  P-  (X  ^  Elected  Jan'y  Sth,  1881. 
^CoLLlKs,  T,  Earl.,  Draughtsman,  Baldwin  I^oi^ornotive  Works, 

1431  Filbert  St.,  Phila.     Elceted  JanV  Hth,  1H8L 
Mehceu,  Joseph,  Surveyor  and  Regulator  6th  Phila.  Survey  Dij*- 
triet,  1845  Frankford  Ave.,  Plwla.     Elected  Feb.  5th,"lS81. 
[MuNROE,  Hexry  S.,  Adj.  Prof.  Practical  Mining,  Seliool  of  Mines, 

Columbia  College,  N.  Y.  City.     Elected  Feb.  5th,  ISSl. 
[OsLER,  Wm.  P.,  Assistant  City  Surveyor,  Camden,  N.  J.     Elected 

Feb.  5th,  1881. 
[Thayer,  Ritssel,  Chief  Eogr.  and  Supt.  Fairmoont  Park,  Phila., 
32d  and  Ridge  Ave.,  East  Park,  Phila.     Elected  Feb.  5th, 
18M. 

8nEDAKKR,  D.  Hupsox,  iSurveyor  and  Regulatrir  3d  Phila*  Dis- 
trict, 425  S.  Broad  St.,  Phila,     Elected  Feb.  5t.h,  188L 
[Stcx'ktkn,  N.  Allen,  Mining  Engineer,  144  S.  4tb  St.,  Phila. 

Electcil  Feb,  5th,  18H1. 
I  Baldwin,  Wm.  Henry,  Civil  Engr.,  Special  Duty,  lOtli  C  S.  Cen- 
sus, Yonkers,  N.  Y.    Elected  Feb.  5th,  18S1. 
McCldre,  Jas.  R.,  Civil  Engr,,  with  Penna.  R.  U.  Co.,  233  S,  4tb 

St.,  Phila.     Elected  Feb.  5th,  18<Sl. 
Adchincix>ss,  \\^  8.,  Civil  Engineer,  209  Church  Street.,  Pbila, 

Elec-ted  March  Sth,  1  SSL 
Smith,  W.  Bltgbee,  Mechanical  Engineer,  209  S.  3d  Street,  Phila. 

Elected  March  oth,  1881. 
Cofrude,  Joseph  H.,  Bridge  Builder,  3928  Locust  Street,  Phila. 

Elected  March  5th,  LS8L 
West,  Preston  C.  F,,  As^t.  U.  S.  Engr,  Mississippi  River^  404 

Market  8t,  St  Louis,  Mo.     Elected  March  Sth,  1881. 
SifiTn,  Jos.  S.,  Civil  Engineer,  Pulaski  Ave.  above  Apsley  St,, 
Gemiantownj  Phila.     Elected  March  5th,  1881, 
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Murphy,  John  H.,  Civil  Engineer  with  Penna.  R.  R.,  Rising  Sun 

Lane,  Phila.     Elected  March  5th,  1881. 
Baermann,  p.  H.,  Constructing  Engineer,  Norwich  Water  Works, 

Nowich,  N.  Y.     Elected  March  5th,  1881. 
Ehlers,  Peter,  Chief  Engr.  Franklin  Sugar  Refinery,  101  S. 

Front  St.,  Phila.     Elected  March  5th,  1881. 
Cramp,  Edwin  S.,  Marine  Engineer,  1515  Oxford  Street,  Phila. 

Elected  March  5th,  1881. 
Fairfax,  Henry,  Civil  Engr.  with  Philadelphia  Bridge  Works, 

259  S.  4th  St.,  Phila.     Elected  March  5th,  1881. 
LiLLiE,  S.  Morris,  Chemist  Franklin  Sugar  Refinery,  307  Pine 

St.,  Phila.     Elected  March  5th,  1881. 
Turner,  Geo.  A.,  Mech.  Engr.  with  Baldwin  Locomotive  Works, 

1019  Wood  St.,  Phila.     Electod  March  5th,  1881. 
Bland,  Geo.  P.,  Civil  Engineer,  3214  Woodland  Avenue,  Phila. 

Elected  March  5th,  1881. 
RiDGWAY,  Wm.  H.,  Mech.  Engr.  and  Manufacturer,  Coatesville, 

Chester  Co.,  Pa.     Elected  March  5th,  1881. 
Saylor,  Francis  H.,  Civil  Engineer,  259  S.  4th  Street,  Phila. 

Elected  March  5th,  1881. 
Van  Harlingen,  M.,  Civil  Engineer,  Bristol,  Pa.     Elected  April 

2d,  1881. 
Morris,  Gouverxkur,  Asst.  Engr.  N.  P.  R.  R.,  Brainerd,  Minn. 

Elected  April  2<1,  1881. 
Ludlow,  Edwin,  Civil  Engineer,  1125  Girard  St.,  Phila.     Elected 

April  2d,  1881. 
MfXHAN,  John,  Civil  Engineer,  1125  Girard  St.,  Phila.     Elected 

April  2d,  1881. 
Constable,  Stevenson,  Civil  Engineer,  American  Nickle  Worb, 

Camden,  N.  J.     Elected  April  2d,  1881. 
Marston,  John,  Inspector  of  Kails,  etc.,  Penna.  R.  R.,  233  S.  4th 

St.,  Phila.     Elected  April  2d,  1881. 
Wheeler,  Geo.  A.,  Civil  Engineer,  1045  Christian  Street,  Phila. 

P:iected  April  2d,  1881. 
RoNEY,  C.  II.,  Civil  and  Mining  Engineer,  15  S.  7th  St.,  Phila. 

Elected  April  2d,  1881. 
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Reynolds,  Gexl.  \\\  Y,    Kepigned  Oct  2d,  1880. 
Freeman,  Harold  A.    Resigned  Jan.  8th,  1881. 

Changm  of  Addrena, 
BiLLiN,  Chas.  R,  Office  Gen1  Supt,  I  IX  &  S.  R,  R.,  IndiaimpoliB, 

Indiana. 
Brendlinger,  R  F.,  Box  215,  Bellefonte,  Pa> 
OOLTON,  0.  B.,  Chief  Eugr.  N.  &  W.  Branch  R,  R,,  Bloomsburg, 

*     Columbia  Co.,  Pa. 
D'ljnnLLiEKH,  Camille  S*,  care  Edw.  V.  d'liivilliers,  907  Walnut 

St,  Phila. 
Francis,  Harry  C,  Manager  l^  S.  Electric  Lightning  Co.,  Equi- 
table Building,  120  Broadway,  New  York  City. 
Halsey,  J  as.  T.,  cor.  Front  and  Peiirl  Sis.,  Brooklyn,  N.  Y. 
Lehman,  A.  E.,  1905  S|imce  St.,  Phila. 
Lyman,  Frank,  Low  JIoot  Iron  Co.,  Low  Moor,  Allegheny  Co., 

Virginia. 
McCoLLUMj  Thos.  C,  Kavy  Yard,  Pensaeola,  Fla. 
Parbish,  Edw^ahDj  Asst  Engr.  Sevier  Valley  R'way,  care  Geo,  A, 

Lowe,  Salt  Lake  City,  Utah, 
Seixers,  Horace  W.,  Mech.  Engr.,  with  U.  S.  Electric  Lighting 

Co..  Room  3,  431  Walnut  St.,  Pliila. 
Thomar,  Geo.  C,  2019  DeLancey  Place,  Phila. 
Trump,  Michael,  Asst  Engr,  Penna.  R.  R.  Co.,  Union  Depot, 

Pittsburgh,  Pa. 
Warren,  B.  F,,  Titusville,  Pa. 


BOOK  NOTICE. 

CoRTHELL — A  History  of  the  Jetties  at  the  Mouth  of  the 

Mississippi  River,  1880,    Johu  Wiley  &  Sons,  Publishers, 

New  York. 

The  above  work,  written  by  the  Chief  Asst.  and  Resident  Engr. 

during  construction,  is  one  of  a  class  far  from  too  numerous  in  en- 

girveering  literature,  being  a  complete  and  minute  history  of  that 

most  important  and  interesting  work.    It  is  too  often  the  case 
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that  amidst  all  the  modifications  of  the  original  designs  and  all 
the  complications  that  arise  during  the  progress  of  engineering 
work,  no  record  is  kept,  save  in  the  memories  of  the  engineers, 
and  the  profession  is  deprived  of  the  benefit  of  an  absolute  record 
of  the  experience  that  has  been  gained.  It  is  much  regretted  that 
so  little,  with  regard  to  the  execution  of  some  of  the  earlier  engi- 
neering works  of  our  country,  is  known  or  can  be  known,  now 
that  many  of  the  engineers  connected  with  them  have  passed 
away,  and  it  is  to  be  hoped  that  the  present  generation  will  not 
fail  to  faithfully  record  its  difficulties  and  achievements.  In  ad- 
verse criticism  it  might  be  said  that,  for  a  technical  work,  per- 
haps too  much  space  is  occupied  by  correspondence  intended  for 
personal  vindication,  but  the  real  merit  remains  and  we  speak 
advisedly  when  we  say  that  it  has  obtained  high  and  intelligent 
appreciation. 
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THOMAS  CURTIS  CLARKE. 

Past  President  of  the  Engineers'  Club  of  Philadelphia,  was  born 
in  Newton,  MassachusettSj  in  1827,  and  educated  at  the  Boston 
Latin  School  and  Harvard  College,  from  which  he  graduated  in 
1848  and  began  simultaneously  the  study  and  practice  of  his  pro- 
fession under  Capt  John  Childe,  Chief  Engineer  of  the  Mobile 
and  Ohio  Railroad,  as  was  the  custom  of  those  days  prior  to  the 
establisliment  of  technical  schools  of  engineering. 

After  about  twenty  years  practice  as  an  engineer  and  contrac- 
tor for  railroads,  harbors,  etc,,  Mr*  Clarke  took  charge  of  the  con- 
[  fit  ruction  of  the  bridge  across  the  Mississippi  river  at  Quincy  IlL, 

lich  was  the  first  of  the  dozen  or  more  of  iron  bridges  now 
ining  that  river.  This  bridge  was  built  by  day's  w^ork,  the 
masonry  and  foundations  being  designed  and  executed  by  Mr- 
Clarke  J  an  account  thereof  by  him  was  published  by  Van  Nos- 
trand,  N.  Y.,  1869,  pp.  70,  21  plates. 

After  the  completion  of  this  bridge  Mtp  Clarke  became  senior 

I  partner  of  the  firm  of  Clarke,  Reeves  &  Co.  of  Phoenixville,  Pa,, 

and  has  designed  and  constructed  many  miles  of  iron  bridges^ 

viaducts,  etc.,  among  which  the  Girard  Avenue  Bridge  of  this 

vol*  11.^14 
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city,  and  the  Metropolitan  Elevated  Railroads  of  New  York,  are 
the  most  conspicuous  examples, 

Mr.  Clarke  is  a  member  of  the  American  Philosophicay  Societj 
of  Philadelphia,  American  Society  of  Civil  Engineers,  Americau 
Institute  of  Mining  Engineers  and  the  British  Institution  of  Civil 
Engineers,  London,  besides  the  Engineers'  Club  of  PhilaJelphia, 
He  was  President  of  the  latter  society  during  the  year  1879/ 
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OUTLINE  SKETCH  OF  MODERN  MILITARY  ENGINEERING. 

By  Col.  Wiluam  Ludlow,  Meoiber  of  tiu  duh. 

E^ad  itfctrcA  IM,  18SL 

The  science  of  Military  Engineering  has  so  far  fallen  \iM 
desuetude  in  the  United  8tates  as  to  be  in  danger  of  becomiug  a 
lost  art;  not  merely  from  the  absence  of  any  apparent  necessity 
for  its  practical  application,  but  because,  from  the  lapse  of  time, 
its  right  to  be  considered  as  a  legitimate  branch  of  engineering 
knowledge  may  come  to  be  disputed  and  the  younger  men  of  the 
profession  may  cease  to  regard  it  as  a  useful  or  profitable  study. 

In  reading  the  foreign  engineering  journals  one  cannot  fail  to 
be  impressed  with  the  large  share  of  space  and  thought  devoted 
to  the  construction  of  war  material,  whether  ships,  forts  or  can- 
non, and  w4th  the  eager  general  interest  displayed  in  observing 
and  commenting  upon  the  practical  development  and  value  of 
every  detail.  With  us,  on  the  contrary,  scarcely  a  word  is  said 
or  written  to  indicate  that  any  real  importance  or  interest  at- 
taches to  these  subjects. 

Wliile  measures  for  the  protection  and  development  of  the 
metal-producing  and  cognate  interests  are  hotly  debated,  and  the 
revival  of  our  moribund  ship-building  industries  is  discussed,, 
developing  great  diversity  of  opinion  as  to  the  most  suitable  and 

*  Annual  Address,  April  lOtli,  1879.     Volume  I,  p.  119. 
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effective  methods  of  stimulating  them  into  new  life,  the  present 
condition  of  the  Navy,  actually  inferior  as  it  is  to  that  of  any 
civilized  power  and  even  to  those  of  the  South  American  Kepub- 
lics,  is  only  made  tlic  occasion  of  a  jest,  and  Cotigress  itself  caaj 
hardly  be  induced  to  grant  a  respectful  hearing  to  the  argument 
in  favor  of  making  some  provision  for  the  national  defense. 

The  improvement  of  the  machinery  of  domestic  and  foreign 
trade,  the  construction  of  railways  and  increase  of  terminal  facili- 
ties, the  opening  of  water-courses  and  deepeniug  of  chaiuicls,  are 
all  prosecuted  with  on  remitting  vigor,  careless  of  the  fact  that 
the  increasing  wealth  of  our  coast  cities  and  the  improvement  of 
the  water  approaches  are  yearly  rendering  them  a  richer  and 
easier  prey  in  the  event  of  wan  Engrossed  with  great  enter- 
prises ^nd  displaying  a  marvellous  activity  in  all  forms  of  peace- 
ful industry,  not  only  have  we  ceased  to  build  vessels  of  war  for 
the  protection  of  our  domestic  and  foreign  commerce  and  the 
adequate  representation  abroad  of  the  dignity  and  power  of  the 
Republic  or  to  construct  tlie  fortifications  necessary  for  the  de- 
fense of  our  great  seaports  against  the  intrusion  of  an  enemy, 
but  we  refuse  to  consider  the  possibilities  even  of  future  compli- 
cations with  other  nations  or  to  reflect  upon  what  might  be  the 
immediately  disastrous  results  of  an  outbreak  of  hostilities. 

Without  going  into  any  general  argument,  it  mnst  suifice  to 
point  out  that  however  remote  such  possibilities  may  appear,  our 
present  condition  of  national  nakedness  is  in  violation  of  all  the 
teachings  of  history  and  contrary  to  the  spirit  of  our  political 
institutions;  that  the  organic  law  of  the  country  was  careful  to 
make  such  provision  for  the  national  defence  as  was  then  suffi- 
cient and  practicable;  and  that  large  sums  are  annually  expended 
by  the  United  States  and  all  the  States  individually  in  tlie  or- 
ganization, equipment  and  maintenance  of  the  militia  for  that 
very  purpose. 

But  under  the  conditions  of  modern  warfare^  no  army,  how* 
ever  numerous,  brave,  or  well  disciplined,  would  be  of  the  least 
avail  to  protect  our  harbors  against  an  attack  by  sea  without  the 
aid  of  suitable  defensive  appliances,  and  these  appliances  require 
years  for  their  creation. 

The  object  of  this  paper,  inviting  the  attention  of  the  Club  to 
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these  matters  is  first,  to  indicate  briefly  what  are  the  modem 
methods  of  construction  of  war  ships  and  coast  defenses  as  em- 
ployed by  all  nations  with  the  exception  of  ourselves;  and» 
secondly,  to  point  out  the  connection  existing  between  these 
branches  of  modem  science  and  the  general  engineering  and 
mechanical  arts  with  the  view  of  ascertaining  if  there  be  not 
some  aspects  of  the  case,  of  present  importance  and  deep  interest 
both  to  the  engineering  profession  and  the  manufacturing  indus- 
tries of  the  United  States. 

Twenty  years  ago  war  ships  were  of  wood  i^nd  armed  with 
smooth  bore  guns  of  small  power,  forts  were  of  stone  or  brick, 
and  with  walla  six  feet  in  thickness  were  impregnable  to  assault 
and  only  to  be  reduced  by  a  protracted  siege.    The  operation  of 
two  main  causes  has  brought  about  a  complete  revolution,  in 
methods  of  construction,  involving  both  an  abandonment  of  old 
materials  and  a  total  change  of  type.   In  March,  '62,  the  "Merri* 
mac  "  covered  with  ri.ilroad  iron^  had  gone  nigh  to  d€^troy  t!ie 
American  Hrvj,  in  the  harbor  of  Hampton  Roads.    Blown  up, 
sunk,  or  stranded  in  their  efforts  to  escape,  the  vessels  of  the 
fleet  were  at  the  mercy  of  the  rebel  ram;  and  not  only  was  the 
perfect  helplessness  of  wooden  ve^els,  when  exposed  to  the  attack 
of  an.  enemy  clad  in  armor  even  of  so  rude  a  character,  demon- 
sttatedj  but  it  was  also  evident  that  the  ports  of  the  Atlantic  sea- 
board were  open  to  attack  and  tlxat  New  York  itself  might  be 
laid  under  contribution*    The  gravity  of  the  situation  was  be- 
yond precedent,  when  Ericsson *s  "  Monitor*'  crept  out  from  behintl 
the  walls  o£  Fort  Monroe,  bearing  her  iron  turret,  engaged  the 
"Merrimac"  and  drove  her  back  to  Norfolk  crippled  and  shorn 
of  dangerous  attributes. 

The  necessity  for  armor  protection  was  the  lesson  then  taught 
the  world;  and  the  rapid  and  enormous  subseqttent  development 
of  the  power  of  modern  ordnance  has  compelled  a  constant  in- 
crease in  its  capacity  of  resistance.  In  consequence,  the  Navies 
of  the  world,  with  the  exception  of  our  own,  have  been  totally 
reconstructed  within  ten  years,  and  tlie  war  ship  of  to-day  is  the 
epitome  of  the  highest  achievements  of  the  mechanical  arts.  The 
hull  of  the  modern  armored  vessel  is  of  iron  or  steel,  or  both| 
and  is  driven  by  compound  engines  with  one  or  more  screw  pro- 
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pellers.  The  portion  below  water  is  a  double  shell,  divided  into 
numerous  water-tight  compartments.  The  engines  and  boilers, 
the  machinery  and  the  magazines,  are  all  placed  below  the  water 
line;  armored  bulkheads  protect  them  in  front  and  rear,  and  a 
shot-proof  deck  arches  over  and  covers  all  vital  parts.  The  sides . 
are  clad  with  heavy  armor,  extending  to  some  distance  above* 
and  beneath  the  water  line^ — in  some  cases  forming  a  belt  from 
six  to  ten  feet  in  width  extending  the  entire  length  of  the  ship, 
in  others  concentrated  in  the  middle  third  or  half  of  the  vessel, — 
for  the  protection  of  the  guns  and  apparatus  for  working  them. 
Electricity,  steam  and  hydrauUc  power  are  used  for  most  pur- 
poses to  which  they  can  be  applied. 

In  the  competLtion  of  nations,  England,  as  might  be  supposed, 
has  maintained  her  position  as  the  leading  naval  power  of  the 
world,  although  France  and  Italy  press  close  upon  her.  The 
English  '^Inflexible/*  howeverj  is  the  most  [wwerful  and  heavily 
clad  war  vessel  afloat  and  may  be  regarded  as  the  most  recent 
type  of  the  modern  fighting-machine  or  mailed  cruiser.  Her 
displacement  is  in  excess  of  ll,4t>0  tons,  of  which  nearly  one- 
third  is  due  to  dead  weight  of  armor.  The  central  third  of  the 
length  is  built  up  into  a  citadel,  rectangular  in  form,  about  110 
feet  in  length  and  75  feet  in  width,  rising  some  10  feet  out  of  the 
water  and  carrying  two  revolving  turrets.  The  hull  upon  which 
these  are  borne  is  submerged  some  G  or  7  feet  beneath  the  sur- 
face and  divided  into  138  water-tight  compartments.  A  nhot- 
proof  deck  covers  it,  and  at  the  bow  is  carried  a  heavy  ram. 
In  front  and  rear  of  the  citadel  are  unarmored  structures,  als 
resting  on  the  hull,  furnishing  quarters  for  the  officers  and  crew" 
and  giving  shape  and  seaworthiness  to  the  vessel.  The  walls  of 
the  citadel  are  41  inches  thick,  adjoining  the  submerged  hull, 
and  are  composed  of  alternating  layers  of  iron  and  teak.  At  the 
water  line  the  iron  armor  is  no  lesiiHhan  two  feet  in  thicknessja 
two  courses  of  12  inches  each,  separated  by  a  course  of  teak. 

The  turrets  are  built  of  steel-faced  iron,  with  a  total  thickness 
of  tw^o  feet,  16  inches  of  which  are  metal,  in  two  courses.  They 
weigh  each  750  tons,  and  by  aid  of  hydraulic  machinery  can  be 
completely  revolved  in  1 J  minutes,  or  as  much  more  slowly  as 
may  be  desirable. 
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The  ship  draws  25J  feet  of  water  and  can  be  driven  at  a  speed 
of  14  knots,  or  nearly  16  miles,  per  hour. 

The  cost  was  over  £650,000,  nearly  $3,150,000. 

The  armament  consists  of  four  80  ton  rifles,  mounted  iu  pairs 
in  the  two  turrets,  and  capable  of  being  fired  in  any  direction. 
Like  the  ship  itself,  these  guns  are  typical  of  the  advance  made 
in  the  construction  of  modern  war  material.    Alttiough  uot  ab- 
solutely the  heaviest  guns  afloat,  since  the  Italians  have  tiM 
guns  of  100  tons,  throwing  a  shot  of  over  2(K)0  lbs,  weigh  tj— and 
even  heavier  cannon  have  been  projoet(?d  by  the  French,— the 
English  weapon  has  a  tremendous  capacity  of  destruction.    The 
caliber  is  16  inches.    The  shot  weighs  1760  lbs,,  and  with  the 
full  service  charge  of  460  lbs.  of  powder,  leaves  the  muzzle  with 
an  initial  velocity  of  over  1600  feet  per  second.     The  stored-up 
energy  concentrated  in  this  mass  of  metal  is  difficult  to  realize. 
At  a  distance  of  1000  yards,  the  projectile  is  capable  of  piercing 
through  28  inches  of  solid  iron.  The  full  formula  for  penetratioQ 
is  somewhat  complex  and  varies  with  the  material,  but  aa  ap- 
proximate value  in  inches  is  readily  found  by  multiplying  the 
diameter  of  the  shot  in  inches  by  its  striking  velocity  in  feet  [let 
second  and  dividing  by  1000.     A  statement  of  the  penetration, 
however,  suggests  no  adequate  conception   of   the    destructive 
energy  of  the  bolt.     To  endeavor  to  realize  this,  the  mind  must 
rest  upon  the  fact  that  the  shock  of  its  impact  is  only  equalled 
by  that  which  would  follow  from  the  instant  arrest  of  the  huge 
bulk  of  the  vessel  itself  while  moving  at  the  rate  of  nearly  10 
miles  an  hour.     In  other  words,  could  the  requisite  directness  of 
collision  be  secured  and  tliere  were  no  yielding  of  material,  the 
shot  would  stop  the  ship. 

The  French  are  making  strenuous  efforts  to  rival  the  English, 
while  in  some  respects  the  Italians  have  surpassed  both,  since 
they  are  building  two  vessels  of  no  less  than  13,500  tons  displace- 
ment with  an  armament  of  four  100  ton  guns  and  18  others  of 
less  weight.  These  vessels  require  four  or  .five  years  to  construct, 
will  steam  at  the  rate  of  16  knots,  and  cost  ^4,000,000  each. 

As  between  the  offensive  power  of  ordnance  and  the  defensive 
capacity  of  ships,  the  contest  is  becoming  unequal.  The  limit  of 
weight  and  thickness  of  armor  that  are  practicable  for  seagoing 
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vessels  has  probably  been  readied  in  the  ''Inflexible,'*  wbile  it  ii 
by  no  means  certain  lliat  such  is  the  case  witii  reference  to  the 
power  of  cannon.  The  Italian  100  ton  guns  are  capable  of  pierc* 
ing  30  inches  of  iron  at  1000  yards,  while  the  French  124  ton 
gun, — reported  as  under  construction, — is  calculated  to  penetrate 
nearly  36  inches.  The  American  12  inch  rifle,  proposed  by  the 
Ordnance  Board,  by  aid  of  improved  powder  and  a  high  initial 
velocity  will  have  the  same  power  as  the  100  ton  Italian. 

It  follows  that  so  far  as  the  United  States  are  concerned  they 
may  wisely  leave  the  costly  experimental  building  of  armored 
ships  to  other  nations  and  content  themselves,  for  the  present  at 
least,  with  providing  guns  of  sufficient  power,  and  suitable  ves- 
sels in  which  to  carry  them.  Of  those,  many  valuable  types  ex- 
ist in  foreign  navies;  the  sw4ft  cruiser  of  iron  or  steel,  like  the 
English  " Mercury/'  that  has  made  21|  miles  per  hour,  or  vessels 
of  the  "Cleopatra"  type,  with  hulls  of  iron  or  steel  sheathed 
with  w^ood,  combine  great  structural  strength  and  durability  with 
speed  and  seaworthiness  and  are  capable  of  carrying  a  heavy 
armament  There  are  also  the  "composite"  vessels,  with  frames] 
of  metal  double  planked  and  coppered.  Such  ships,  though  they  j 
may  not  coi>e  in  battle  with  the  mailed  war  ships,  can  evade 
them,  and  are  capable  of  most  efficient  work,  from  their  superi- 
ority in  speed* and  ease  of  handling.  It  is  such  vessels  as  these, 
*  of  3lXX)  to  4000  tons  displacement,  speed  of  15  to  17  knots,  and 
carrying  10  or  12  inch  rifles,  that  are  needed  to  begin  the  re- 
building of  the  American  Navy.  They  cost  from  $500,000  to 
fl/MlO,000, 

The  modification  and  strengthening  of  the  defensive  appliances 
of  Forts  and  Batteries  for  the  protection  of  harbors  have  gone 
hand  in  hand  with  those  of  ships,  and  the  experiments  upon  the 
power  of  artillery  and  the  defensive  qualities  of  iron  armor  have 
answered  for  both.  Stone  and  brick  are  necessarily  abandoned 
and  metal  alone  is  relied  upon  for  the  permanent  defense  of  ex- 
posed points.  Forts  and  Batteries  are  now  built  largely  of  iron 
and  steel,  the  immense  improvements  in  the  manufacture  and 
consequent  cheapening  of  the  latter  mel^l  rendering  it  available 
in  heavy  masses. 

The  English,  after  long  and  costly  experimenting,  have  pro- 
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visionally  adopted  for  their  coast  defenses  a  shield  comiiosed  of 
triple  plates  of  steel-faced  iron,  each  6 J  inches  thick,  separated 
by  layers  of  teak  of  similar  thickness.  More  recently  it  has  lieeu 
found  desirable  to  a<Jd  a  fourth  plat*,  giving  a  total  thickness  of 
26  inches  of  iron  and  15  or  18  inches  of  teak.  These  shields  are 
in  many  cases  adapted  to  existing  works  by  inserting  them  into 
the  front  and  masking  the  remainder  of  the  battery  with  earth; 
only  the  iron  surfaces  being  exposed  to  fire.  When  the  aid  of 
earth  and  masonry  cannot  be  used,  the  turret  system  is  adoptd 
and  the^fort  is  a  huge  cylinder  of  iron  plates  pierced  with  em- 
brasures, in  one  or  two  tiers,  roofed  over  to  guard  against  cuned 
fire  and  with  the  magazines  and  hydraulic  machinery  for  hand- 
ling the  guns  and  ammumition  buried  deep  beneath. 

In  the  course  of  experiments  with  various  metals  and  their 
effect  upon  each  other,  the  Germans  have  developed  a  successful 
use  of  chilled  cast  iron  in  heavy  masses  of  curved  sectiou,  as 
possessing  some  important  advantages  over  the  sofler  wrought  or 
rolled  metal.    A  shot  that  would  penetrate  a  rolled  plate  would 
make  no  impression  upon  a  chilled  cast  iron  blocks  and  unless 
of  sufficient  weight  to  crush  the  blookj  would  itself  be  sroa^^li'il  t<^ 
pieces.    The  Germans,  therefore,  and  following  their  example, 
most  of  the  other  European  countries,  are  building  cast  iron  bat- 
teries of  ovoidal  section  both  vertically  and  horizontally  and 
flattened  along  the  ground.    The  front  is  a  rounded  casting,  two 
to  three  feet  thick,  with  the  embrasure  along  its  axis,  and  weigh- 
ing 30  to  40  tons.     The  side  castings  adjoin  this,  and  overhead 
are  other  pieces,  completing  the  casemate ;  the  whole  fitting  to- 
gether and  mutually  supporting  each  other,  so  that  even  should 
cracks  be  made  in  the  large  castings,  their  arched  form  will  hold 
them  together  and  prevent  destruction. 

From  this  rapid  review  of  the  present  condition  of  Military 
Engineering  abroad,  the  general  bearing  upon  matters  of  close 
and  immediate  interest  to  important  American  industries  be- 
comes at  once  apparent.  It  is  the  metals,  iron,  steel  and  copper, 
that  are  demanded  in  the  construction  of  modern  war  materials; 
and  their  combination  into  such  forms  as  shall  endow  them  with 
the  greatest  efficiency  and  durability  would  call  for  the  display 
of  the  highest  science  and  skill  of  our  mechanical  engineers,  as 
well  as  the  most  advanced  results  in  the  chemistry  of  metals. 
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Nothiijg,  probably,  could  at  tbe  present  time  have  so  power- 
ifully  stimulating  an  efl'ect  upon  tbe  metal-producing  and  ship- 
building industries  of  this  country,  as  the  judicious  annual  ex- 
penditure, by  the  general  government,  of  a  certain  fixed  amount 
br  the  construction  of  adequate  defenses  for  our  commerce  and 
arbors.  We  are  now  in  a  position  to  take  advantage  of  the  ex- 
lerience  and  costly  investigations  of  other  nations,  and  liave  a 
clear  comprehenaion  both  of  tbe  results  that  are  desirable  of 
Ltttainment  and  of  the  means  of  arriving  at  them.  Without,  for 
jthe  present  at  least,  troubling  ourselves  with  the  construction 
of  heavy  mailed  war  ships,  we  ought  to  build,  yearly,  eight  or 
ten  naval  vessels  with  hulls  of  steel  or  iron^  or  of  tbe  "  com- 
posite" type,  and  begin  without  loss  of  time  the  erection  of  the 
j works  necessary  for  tbe  defense  of  at  any  rate  the  most  impor- 
tant seaports. 

It  is  to  be  ramembered  that  the  construction  of  tlie  plant 
mecessary  for  the  manufacture  and  manipulation  of  tbe  great 
masaee  of  metal  required  by  the  exigencies  of  modem  warfare, 
Is  itself  the  labor  of  years,  and  that  this  plant  does  not  exist  in 
this  country ;  furthermore,  tliat  the  commercial  ocean  vessels 
now  building  approach  and  even  equal,  in  the  requirements  of 
tonnage,  speed  and  great  structural  strength,  the  very  types  of 
ships  that  are  the  most  desirable  for  naval  purposes,  and  that 
therefore  the  same  plant  required  for  the  one  would,  having  been 
created,  answer  for  the  other. 

The  state  of  Pennsylvania^  with  its  stores  of  coal  and  iron,  its 
busy  population  largely  engaged  in  mining  and  manufacturing 
and  the  metal  industries,  its  advanced  position  in  iron  vessel 
building,  and  with  the  Delaware  navigation  offering  itself  as  a 
jSafe  and  expeditious  highway  to  tbe  sea,  enjoys  advantages 
superior  to  all  others,  and  should  take  the  lead  iu  presenting  and 
I  advocating  the  national  policy  of  protection  which  it  has  been  the 
[object  of  this  paper  to  indicate. 
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THE  ATTEMPT  TO  EXTINGUISH  THE  KEHLEY  RUN 
COLLIERY  FIRE. 

By  Db.  H.  M.  GHijrcB,  Member  of  the  Qub. 
Mead  AprU  2iid,  1881. 

The  method  of  manufacturing  and  injecting  the  gas  into  the 
mine  is  novel  in  man}"^  respects,  and  it  is  that  I  purpose  describ- 
ing, as  I  have  already  published  a.  paper  in  which  the  circum- 
stances that  caused  its  failure  are  briefly  described. 

The  gases  were  generated  by  a  furnace  built  of  brick,  about 
five  by  ten  feet,  in  two  compartments  of  equal  size.  This  fur- 
nace was  open  at  the  top  but  closed  in  below;  the  grate-bars 
were  set  about  eighteen  inches  above  its  base,  and  the  draught 
was  reversed — ^from  above  downwards.  The  grate-bars  had  to 
be  replaced  frequently,  and  it  was  on  this  account  that  the  fur- 
nace was  built  double. 

A  large  delivery  pipe,  about  9  inches  in  diameter,  was  carried 
into  the  furnace  beneath  the  grate-bars,  and  for  a  distance  of 
about  twenty  feet  this  was  water-jacketed,  by  building  around  it 
an  open  trough  of  two-inch  plank. 

The  gas  was  forced  into  the  mine  through  four  three-inch 
delivery  pipes  by  steam  (siphon)  injectors  supplied  with  steam  at 
60  lbs.  pressure.  A  flow  of  1500  cu.  feet  per  minute  was  sup- 
posed to  have  been  obtained  from  each  of  these  injectors,  or  a 
total  of  6000  cu.  feet  per  minute  for  all  four. 

The  three-inch  delivery  pipes  were  driven  down  through  the 
loose  debris  of  a  crop-fall  directly  into  one  of  the  breasts.  For 
this  purpose  an  inclined  staging  was  built  provided  with  ad- 
justable guides,  and  the  pipes  were  driven  with  a  wooden  ram 
raised  by  hand  and  allowed  to  fall  upon  a  cap-piece  screwed  into 
the  joint  of  pipe.  The  lower  end  of  the  pipe  was  protected  by 
a  cone-shaped  cast-iron  shoe,  so  arranged  that  it  would  drop  out 
of  the  pipe  as  soon  as  the  pipe  pierced  the  debris. 

One  of  the  delivery  pipes  was  carried  into  the  mine  through  a 
diamond  drill-hole. 
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The  temperature  of  the  gases  being  very  high,  notwithstand- 
ing the  main  pipe  was  water-jacketed,  spray  jets  were  introduced 
a  short  distance  beyond  the  injectors;  and  these  caused  a  very 
notable  decrease  in  the  temperature. 

The  causes  of  failure  are  probably: 

1.  It  was  impossible  to  render  the  mine  air-tight — the  leakage 
was  very  great. 

2.  The  temperature  of  the  injected  gases  was  too  high. 

3.  The  furnace  may  have  been  producing  large  quantities  of 
carbonic  oxide. 


XIII. 

SUBMERGED  SUPPLY  MAIN  IN  OTSEGO  LAKE.  N.  Y. 

By  Palmeb  H.  Baebmank,  Member  of  the  dab. 
Jtead  April  2d,  1881. 

The  question  of  a  water  supply  for  fire  protection,  manu- 
facturing purposes  and  domestic  use  has  become  of  such  import- 
ance in  the  majority  of  towns  and  villages  that  I  venture  to  lay 
before  you  a  detail  of  pipe  laying  employed  in  the  construction 
of  the  Cooperstown  Water  Works. 

The  village  of  Cooperstown,  N.  Y.,  has  a  resident  population 
of  1500,  increased  during  the  summer  season  to  double  that 
number;  it  is  finely  situated  at  an  elevation  of  about  1200  ft.  above 
tide  at  the  foot  of  Otsego  Lake,  a  sheet  of  water  10  miles  in  length, 
from  1  to  2  in  breadth  and  with  an  average  depth  of  60  ft.  Its 
waters  are  slightly  hard,  very  clear  and  cold,  the  larger  portion 
being  received  from  springs  in  the  bottom  and  along  its  shores. 

The  Cooperstown  Aqueduct  Association,  organized  under  Special 
Act  of  the  Legislature  of  the  State  of  New  York  in  1835,  collected 
the  water  from  a  spring  about  50  feet  above  the  village  and  con- 
veyed it  in  pump  logs  to  the  town,  where  it  was  distributed  to  a 
limited  number  of  consumers.    As  the  consumption  increased, 
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additional  springs  were  obtained  and,  upon  the  failure  of  ihdx 
combined  flow,  a  small  pump  run  by  water  power  was  located  at 
the  site  of  the  present  pump-house,  ''large  two  and  three  .inch" 
iron  mains  laid,  a  few  fire  hydrants  set  and  the  question  of  a 
water  supply  for  the  future  was  supposed  settled.  Under  this 
system,  water  was  pumped  into  a  wooden  cistern,  14  ft.  in  diame- 
ter and  16  ft.  deep,  elevated  60  ft.  above  the  pump  and  thenoe 
distributed  through  the  "mains." 

These  mains,  cast  horizontal,  uncoated,  rapidly  rusted  through 
or  filled  up  and,  when  they  escaped  these  results,  gave  out  from 
want  of  covering,  being  placed  only  4  ft.  below  the  surface  in  a 
climate  where  the  thermometer  falls  to — 28°. 

In  1876,  through  the  enterprise  of  Mr.  Edward  Clark,  some 
additional  fire  protection  was  obtained  by  the  construction  of  a 
small  private  gravity  works  having  a  head  of  160  ft.  The  domes- 
tic supply  was  more  than  doubled  when  the  gravity  works  were 
applied,  but  owing  to  the  difference  in  pressure  and  want  of  any 
check-valve,  the  two  systems  could  not  be  operated  together. 
.  While  the  domestic  service  might  have  answerd  for  a  few  years, 
a  4  inch  main  was  found  inadequate  for  the  additional  hydrants 
required  by  the  growth  of  the  village,  and  in  the  winter  of  1879, 
it  was  decided  to  entirely  reconstruct  the  works  and  the  plan  of 
of  pumping  by  water  power  adopted.  About  3000  ft.  from  the 
outlet  of  the  lake  is  located  the  first  dam  upon  the  Susquehanna 
River  with  a  fall  varying  from  7  ft.  and  8  in.  to  5  ft.  and  4  in. 
Here  w^as  constructed  the  pump-house;  a  substantial  brick  build- 
ing 25  by  30  feet,  sufficient  in  size  for  two  50  inch  Leffel  turbines 
transmitting  the  power  to  two  H.  R.  Worthington  crank  pumps 
of  a  combined  capacity  of  1000  gallons  at  40  revolutions  per 
minute. 

The  supply  is  taken  independently  to  each  pump  through  the 
suction  pipes,  drawling  from  the  pump  w^ell,  a  tight  masonry 
chamber,  having  two  feed  pipes  10  inches  in  diameter,  each  con- 
trolled by  a  valve,  the  lower  one  taking  the  water  1500  feet  from 
shore  and  at  a  depth  of  38  feet  below  the  surface  of  the  lake ;  the 
upper  one  connects  directly  with  the  forebay,  and,  in  case  of  fire, 
furnishes  the  additional  volume  required  from  the  river. 

The  discharge  from  the  pumps  is  through  a  common  air  chain- 
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r  into  an  8  inch  main,  one  and  one  half  miles  in  length,  from 
^hich  the  6  and  4  inch  branches  are  taken,  no  line  of  4  inch 
eing  over  500  feet  in  length  unless  supplied  at  both  ends. 

The  distribution  contains  3,5  miles  of  pipe,  45  valv^,  one 
rinking  fountain  and  22  fire  hydrants. 

The  supply  main  into  the  lake  is  4500  ft  in  length.  The  pump- 
cpuse,  wheels,  pumps  and  all  work  complete^  cost  between 
4,000  and  35^000  dollars. 

The  detail  of  construction  to  which  I  would  call  special  atten- 
on  is  that  employed  in  laying  the  4500  ft,  of  10  in.  supply  main 
ip  the  Susquehanna  River  and  out  into  the  lake. 

In  this  work  the  ordinary  method  of  laying,  using  the  flexible 

^t  of  Mr.  J*  F,  Ward,  was  first  considered  but,  on  account  of 
was  abandoned ;  a  combination  of  plain  pipe  laid  in  shoal 

ater  wdth  a  coffer-dam,  and,  in  10  ft  and  over,  using  the  flexible 
Dint,  was  also  abandoned  for  the  same  reason.  It  became  evident 
hat,  if  this  work  was  to  be  done  cheaply,  the  number  of  expen- 

ve  joints  must  be  reduced  and  the  plain  pipe  increased,  which 
»uld  be  accomplished  if  a  number  of  plain  pipes  jointed  were 
Sonsidered  as  one  length  and  the  flexible  joint  used  to  connect 

ese  sections. 

These  sections,  composed  of  sir,  eight  or  ten  pipes^  must  be 
owered  horizontally  and  supported  at  a  suflBcient  number  of 
joints,  so  that  the  weight  between  supports  would  not  strain  the 
oint,  and  secured  at  the  end  to  a  moveable  point  so  that^  as  the 
ection  was  lowered,  the  ball  joint  describing  an  arc  of  a  circle, 
he  float  might  pass  ahead, 

At  the  start  it  was  intended  to  use  two  flexible  joints  per  each 
h  of  float,  but  in  shoal  water  up  to  10  ft.  it  w^as  found  un- 
ry  and  the  pipes  were  lowered  gradually  on  an  inclination, 
ihe  yielding  of  the  joints  causing  the  section  to  assume  the  curve 
shown  in  Fig,  7. 

The  float  from  which  the  pipes  were  lowered  was  composed  of 
four  timbers  placed  parallel,  the  distance  between  the  central 
l>nes  being  four  feet,  and  between  the  outside  onea  sufficient  to 
peeeive  a  kerosene  barrel.  As  each  barrel  when  submerged  had  a 
iouyant  effort  of  about  400  Ibs-  the  total  supporting  power  of  the 
Poat  was  30,400  lbs,  disregarding  the  effect  of  the  timbers.    The 
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maximum  load  consisted  of  15  to  17  lengths  of  pipe,  weighing 
620  lbs.  eachy  the  flexible  joints,  men,  etc.p  or  approximately  12,* 
000  lbs.  with  which  the  draft  of  the  float  was  27  inches. 

The  elevation  and  plan,  Figs.  1, 2,  show  the  constmction  of  tie 
float,  the  upper  work  being  so  arranged  as  to  leave  a  clear  opeoiiig 
of  4  ft.  from  end  to  end.  The  track  upon  which  the  truck  ran 
was  spiked  to  the  inside  timbers  just  above  the  water  line  and 
extended  the  whole  length.  While  the  carriage  was  intended  to 
be  used  only  in  lowering  the  long  sections^  it  became  very  eon* 
venient  in  changing  the  position  of  the  float;  the  pipe,  replug 
upon  the  bottom  and  on  the  truck  on  the  float,  gave  a  rigid  con- 
nection with  the  bottom. 

The  float  was  made  in  four  sections  which,  in  straight  stretdi® 
of  the  river  and  on  the  lake,  were  placed  in  line,  but  on  the  hemii 
were  deflected  so  that,  with  the  4  foot  opening,  pipe  could  be  laid  on 
any  curve  obtainable  in  the  joint  room,  with  the  same  facility 
as  upon  land.  The  four  foot  space  was  just  sufficient  to  allow 
of  a  small  boat  carrying  one  length  to  enter,  and  thus  each 
pipe  as  brought  from  the  shore  (in  the  river  work)  was  delivered 
in  position,  the  spigot  entered,  a  timber  placed  under  the  bell 
end,  and  the  boat  backed  out.  The  joints  up  to  a  depth  of 
ten  feet  were,  at  the  suggestion  of  Mr.  Ward,  made  of  dry  pine 
wedges  sawed  on  the  circle  of  the  outside  diameter  of  the  pipe, 
these  wedges  were  placed  close  around  the  pipe,  then  three  or 
four  small  wedges  entered  to  tighten  them  on  the  circumfer- 
ence and  the  whole  driven  in  the  same  way  and  with  similar  tools 
as  in  land  works.  The  joints  when  lowered  as  in  Fig.  7,  were 
compressed  upon  the  top  and  drew  slightly  upon  the  bottom, 
but  when  they  were  finally  in  position  on  the  bottom,  the  wooden 
wedges  had  gone  back ;  the  greatest  pull  of  the  joint  was  only 
one-lialf  inch  in  one  particular  case,  generally  from  one-eighth 
to  one-quarter  of  an  inch. 

Figs.  4  and  5,  show  the  alignment  and  profile  of  the  supply 
main  from  the  pump-house  to  the  strainer,  the  position  of  the 
ball-joints  are  shown  at  x.  x.  The  advantage  of  the  wooden  joint 
was  demonstrated  by  the  fact  that  only  five  ball-joints  were  used 
in  the  first  3000  ft. 

This  portion  of  the  work,  although  in  shoal  water,  consumed 
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more  time  from  the  necessity  of  changing  the  direction  of  the 
sections  of  the  float,  but  the  rate  per  day  averaged  150  ft.  for 
three  men ;  in  the  lake  on  straight  work  the  rate  was  increased  to 
300  ft,  per  day  and  on  one  occoBion  450  ft,  were  laid. 

The  intention  was  to  lay  the  whole  line  before  the  lake  froze 
over,  but  the  non*arrival  of  the  pipe  prevented,  and  the  follow- 
ing changes  became  necessary.  The  height  of  the  upper  work 
was  increased  seven  feet  to  allow  of  a  greater  length  of  fall  in  the 
blocks.  In  warm  weather  the  blocks  were  allowed  to  go  under 
water,  but  when  the  temperature  fell  to  near  zero,  it  was  desir- 
able to  keep  every  thing  out  of  the  water  excepting  the  one  rope 
supporting  the  pipe. 

The  method  of  procedure  was  as  folio vi^s.     After  the  pipes  werej 
placed  on  the  float  and  the  joints  run  and  driven  the  ropes  were 
attached  as  shown  in  Fig.  1,  a. 

The  ropes  holding  the  entire  weight  excepting  a  portion  of  the 
first  two  lengths  of  pipe  fastened  to  the  truck,  were  four  in 
number,  |  manilla,  new,  and  supported  a  maximum  weight  of 
not  far  from  6000  lbs.  These  ropes  were  60  ft,  in  length,  one  end 
having  a  three  inch  ring  of  |  iron.  The  rope  was  placed  around  , 
the  pipe  and  passed  through  the  ring,  attached  to  which  was 
small  line  for  drawing  up  the  rope.     Fig.  1,  a.  a*   ^ 

The  blocks  were  of  wrought  iron,  three  sheaves  each  for  g  rope. 
They  were  suspended  as  shown  in  Figs,  1  and  2,  b»  The  rope 
around  the  pipe  was  fastened  to  the  hook  of  these  blocks  when 
close  up,  so  that  the  greatest  distance  could  be  lowered  in  one 
operation,  generally  about  10  feet;  the  line  from  the  blocks 
passed  around  snatch  blocks  secured  to  the  posts  of  the  float 
and  terminated  in  pairs  in  a  ring  on  each  side  as  shown  in  Figs, 
1  and  2,  c.  e.  d.  d.  This  ring  was  attached  to  a  three  sheave  self- 
sustaining  block,  w^hich'held  the  pipe  at  any  position.  By  this 
arrangement  the  weight  was  distributed  on  thirty  pulleys,  and 
as  the  diameter  was  small  the  friction  greatly  aided  in  lowering, 
two  men  facing  each  otlier  could  with  the  rope,  Figs.  1  and  2,  e*  e., 
deadihj  lower  the  entire  length.  The  forward  end  was  securetl  to 
the  truck  w^hich  moved  on  the  track,  and  when  the  pipe 
grounded,  a  ball-joint  was  connected  with  pipe  projecting  above 
the  water,  which  brought  the  line  horizontal,  and  another  length 
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placed  on  the  float.  As  the  upper  work  was  not  high  enough  to 
run  the  whole  depth  at  one  time  without  getting  the  blocks 
under  water,  when  the  pipe  had  been  lowered  so  as  to  bring  the 
blocks  within  a  foot  of  the  surface,  the  first  and  third  pair  of 
blocks  were  hauled  very  taut,  relieving  the  second  which  was 
then  run  close  up  and  the  supporting  rope  attached  again  ;  then 
the  second  and  fourth  tightened  and  the  first  and  third  run  up ; 
the  fourth  having  been  lengthened  at  the  same  time  as  the 
second.  When  all  were  lengthened  the  pipe  was  again  lowered. 
In  some  instances  it  was  found  best  to  dispense  with  the  three 
sheave  blocks,  and  by  taking  a  turn  around  the  posts  and  station- 
ing a  man  at  each  rope  the  length  was  lowered  without  the 
additional  pulleys. 

When  upon  the  bottom  the  supporting  rope  was  loosened  from 
the  block  and  by  drawing  on  the  small  line  the  ring  came  up, 
pulling  the  rope  around  the  pipe. 

The  end  of  the  main  is  supplied  with  a  strainer  which  is  held 
from  the  bottom  by  a  timber  frame  12  ft.  square,  Fig.  5,  a.,  and 
by  the  use  of  three  ball-joints  as  shown,  by  hoisting  on  the  chain 
attached  to  the  buoy,  the  strainer  can  be  brought  to  the  surface 
an^  cleaned  in  case  of  necessity. 

As  already  stated,  the  last  1000  ft.  were  laid  during  the  winter 
and  by  keeping  the  ice  removed  in  front  of  the  float  only  as  fast 
as  it  was  necessary  to  move  the  float  forward,  little  work  was 
lost  by  channel  freezing  during  the  night. 

The  channel  cut  was  16  ft.  wide  in  ice  from  20  to  28  inches  in 
thickness. 

The  cost  of  this  work  was  approximately  as  follows : 
Float,  pulleys,  cordage,  .  .  .  $350  00 

Tools,  incidentals. 
Cutting  ice. 
Iron  pipe. 


Ball-joints, 
Labor, 


126  00 

70  00 

4,275  00 

725  00 

308  00 

Total, 


$5,854  00 
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NOTES  FROM  A  JOURNEY  IN  SOUTHERN  RUSSll 

By  Mb*  Heitey  A,  Vezi3^,  Member  of  the  Club. 
Eemi  Mardi  IMt  1331. 

Tlie  great  difference  which  exists  betw^een  this  country  and 
Russia  may  make  it  of  interest  to  some  of  the  members  of  this 
Club  to  obtain  accounts  from  personal  observation  during  a  pro- 
fessional visit,  extending  particularly  through  the  southern  part 
of  Russia,  from  the  beginning  of  February  to  the  end  of  July  of 
last  year.  The  difficulty  that  every  foreigner  has  to  encounter 
when  in  a  strange  land,  the  language  of  which  he  cannot  speak, 

emed  aggravated  in  my  case  when  we  consider  the  genial  Rus- 
.tongue,  which  does  not  show  the  slightest  resemblance  to  any 
fbf  the  three  modern  languages  that  I  have  at  command. 
ing  to  my  deficiency  in  this  respect,  natives,  who  are  my 
superiors  as  linguists,  kindly  took  charge  of  me,  and  thanks  to 
their  unexcelled  courtesy  and  to  their  thorough  knowledge  of  the 
country,  I  obtained  more  true  information  in  less  time  than  if  I 
had,  at  the  risk  of  injuring  my  jaw,  first  learned  this  very  diffi- 
cult language. 

The  object  of  this  visit  was  to  obtain  as  much  information  as 
possible  about  the  coal  and  the  iron  ores  of  the  south,  more  espe- 
dfllly  of  the  Donetz  basin,  with  the  view  of  deciding  the  advisa- 
bility of  aiding^  by  American  capital,  the  development  of  the 
natural  resources  said  to  exist  there*  I  confine  myself  to  coal, 
iron  and  transportation,  and  to  such  other  matters  as  have  a 
more  or  lesf  direct  bearing  upon  the  subject 

KOTE, — 1  rubles^  100  copekn 

Vufae  of  1  paper  ruble  Is  51  txiitts. 
1  fljyen^J  ^r^hmii=4B  verehoks^T  ft, 
1  arshm^2  (i.  4  in. 
1  ver«hDk=lJ  itii 

1  vei-st=500  Biyen=3500  ltM),0S8  miles, 
1  defl&iaiin==f2500  square  aiijen^2iSl2  ai^res* 
1  pud^40  Russian  poundB=30  pounds  ayoiitlupoi^ 
1  ton  (2240  pounda  avoirdupobj  ^  62  pudi. 
VOL.  J1-— 15* 
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Plates  XIII  and  XIV  show  the  position  of  the  Donetz  or  Little 
Don  coal  formation,  the  eastern  and  central  portion  lying  in  the 
lande  of  the  Don  Cossacks,  the  western  in  the  Ekaterinoslof  gov- 
ernment. It  has  a  length  of  160  miles  from  east  to  west,  and  an 
average  width  of  60  miles.  The  surveys  and  explorations,  upon 
which  General  Von  Helmersen's  geological  map  of  this  part  of 
Russia  is  based,  were  commenced  in  1864  and  the  map  was  pub- 
lished in  1872.  It  represents  the  boundaries  of  the  formations 
on  the  surface,  so  that  only  that  part  of  the  region  on  which  the 
coal  formation  crops  out  is  marked  as  such.  The  outlying 
islands,  east  and  west,  are  undoubtedly  parts  or  an  extension  of 
the  main  field,  overlain  on  the  west  and  north  by  chalk  and  by 
tertiary  formation  on  the  east.  The  method  employed  in  making 
a  geological  survey  of  a  single  estate  consists  in  digging  a  ditch 
across  the  line  of  stratification  down  to  the  rocks  (generally  7-15 
ft.  deep)  and  sinking  prospect  shafts  on  the  veins  down  to  firm 
coal.  These  prospect  shafts  varied  on  one  estate  (Volyntsevo) 
from  35  ft.  to  150  ft.  in  depth.  A  plane-table  survey  is  made  of 
the  outcrops  of  the  limestones  and  sandstones,  which  are  very 
distinct,  not  having  been  nearly  so  much  eroded  as  the  accom- 
panying soft  shales,  and  the  coal  veins  are  drawn  in  conforma- 
bly to  these  rocks. 

So  far  as  my  observation  goes,  the  seams  are  very  regular,  not 
far  apart  and  small,  varying  from  2  ft.  to  4  ft.  in  thickness.  As 
they  have  not  been  worked  out,  shafts  of  moderate  depth  will  be 
sufficient  for  some  time  to  come.  The  quantity  of  water  en- 
countered at  the  depths  of  the  present  shafts  (200  ft.  to  300  ft.)  is 
small,  and,  as  labor  is  cheap,  the  extraction  of  the  coal  is  not 
very  expensive. 

On  the  estate  Volyntsevo,  through  the  centre  of  which  runs  a 
saddle,  or  anticlinal,  the  upper  part  of  which  has  been  eroded,  a 
careful  survey,  as  described  above,  having  been  made  on  the 
southern  portion,  the  coal  veins  north  of  this  anticlinal  were  all 
found  by  prospecting  shafts  at  exactly  the  same  distance  from 
the  beds  of  sandstone  or  limestone  at  which  they  lay  from  the 
corresponding  rocks  on  the  south.  Veins  have  been  found  not 
to  vary  in  thickness  for  a  distance  of  27  miles  on  their  course. 
They  preserve  their  relative  position  to  the  sandstones  and  lime- 
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stones,  as  well  wbeu  the«o  diverge,  as  when  they  lie  paralleL  The 
claim  made  by  the  Kussians  that  their  coal  veins  are  not  faulted, 
seems  to  be  confirmed  by  what  I  was  able  to  see.  Even  w^here 
the  veins  were  very  much  bent,  forming  steep  saddles  and  basins, 
or  much  folded,  there  were  no  signs  of  a  break.  Further  de- 
velopments may,  however,  prove  tlie  existence  of  faults.  As  the 
outcrop  of  the  veins  is  not  overlain  by  another  formation,  and 
the  workings  are  neither  deep  nor  very  extensive,  little  or  no 
firedamp  has  as  yet  been  encountered. 

The  coal  measures  consist  of  shales^  sandstones  and  lime- 
stones of  the  lower  earbonifcrous  formation.  The  coal  usually 
has  both  roof  and  floor  of  shale,  sometimes  rather  silicious,  and 
occasionally  ehanguig  into  sandstone.  Both  the  sandstone  and 
shale  carry  a  good  deal  of  mica.  In  two  instances  I  found  lime- 
stone as  tlie  roof  of  a  vein. 

The  coals  vary  in  quality  from  the  hardest  anthracite  to  the 
softest  gas  coal.  The  eastern  and  southern  portion  of  the  dis- 
trict contaiu  anthracite,  the  northern  and  western  bituminous 
and  gas  coal.  At  Kurakhofka,  on  one  of  the  outlying  w*estern 
islands,  the  coal  is  nearly  like  brown  coal  or  lignite.  Tlie  best 
deveIoj>ed  basin  in  the  southeast  portion ,  or  anthracite  region,  is 
that  of  Grushefka,  tlie  western  half  of  which  is  developed  by 
400  pits.  The  eastern  half  is  not  known,  as  the  alluvial  deposit 
overlying  it  is  very  thick.  One  proprietor  is  said  to  have  sunk  a 
shaft  through  280  ft.  of  this  deposit.  There  are  4  veins  of  coal^ 
the  1st  or  upper  one,  4  ft.  8  in.  thick,  the  2d,  3  ft.  6  in.,  the  3d,  3  ft. 

in.,  and  the  4th,  35  in.    The  Ist  and  2d  are  not  worked,  as  the 

>al  is  more  friable  than  that  of  the  others.  A  cross-section 
from  south  to  north  shows  the  veins  as  pitching  at  the  southern 
outcrop  8*^  to  the  north  ;  this  changes  gradually  to  5^  at  a  depth 
in  the  4th  vein  of  280  ft.,  and  to  nearly  horizontal  at  420  ft. 
The  bottom  of  the  basin  would  be  found  at  a  depth  of  840  ft., 
firom  which  point  the  veins  gradually  rise,  the  pitch  to  the  south 
increasing  until  it  becomes  30°  at  the  northern  outcrop.  The 
coal  from  the  3d  and  4th  veins,  which  I  saw  used  in  the  foundry 
at  Lugansk  (see  map),  seemed  to  me  harder  than  that  of  Penn- 
sylvania, It  shows  the  stratification  and  has  no  concoidal  frac- 
ture.   It  is  said  to  contain  91  to  95  per  cent,  of  fixed  carlxin. 


224  Journey  tti  Sfnttherti  Rxmia.  \Vm^  Bng.  Oa^ 

2 J  per  cent,  of  hydrogen  and  l\  per  cent  of  oxygen  and  nitro- 
gen, and  to  have  a  specific  gravity  of  1.5  to  1.7,  The  same  kind 
of  coal  is  found  on  the  headquarters  of  the  Nesvitay  River^  20 
miles  west  of  Grushefka,  and  in  the  basin  of  the  Kundruchia. 
The  latter  contains  200,000  acres,  and  extends  15  miles  west  and 
85  miles  east  of  Sulin,  a  station  on  the  Kursk-Kharkof-Azof 
Railway,  12  miles  N.  N.  W.  of  Grushefka.  A  cross-section  of  the 
Kundruchia  basin  at  Sulin  shows  the  dip  of  the  coal  veins  and 
accompanying  strata  to  be  38^  to  the  north  at  the  southern  limit 
This  gradually  changes  from  30^  to  8^,  and  then,  passing  the 
sinclinal,  the  dip  to  the  south  comraencea  with  S'^  and  finally 
grows  to  27°  at  the  northern  outcrop.  The  width  of  the  basin 
at  this  point  is  10  miles.  A  Russian  eugiiieor  told  toe  that  in 
smelting  at  Sulin  with  this  toal,  in  a  furnace  of  45  ft.  height,  he 
was  obliged  to  use  a  pressure  of  blast  of  10  lbs.  per  sqn  in.  The 
coal  is  much  liked  for  domestic  purposes  and  is  also  used  on 
locomotives,  but  an  objection  is  urged  against  (?)  it,  namely,  that  it 
"  makes  steam  too  fast,^'  so  that  the  engineers  prefer  to  use  it 
mixed  with  bituminous  coaL  'At  Rostof  I  saw  it  delivered  on 
the  locomotives  in  lumps  1  ft.  to  2  ft.  in  diameter,  broken  down 
to  pieces  of  5  or  6  in.  in  diameter  and  used  without  admixture  of 
bituminous  coal.  The  bed  in  the  fire-box  was  kept  so  thick  as 
easily  to  account  for  the  objection  mentioned. 

In  mining  the  coal  it  is  undercut  for  a  length  of  70  to  100  ft., 
slit  at  each  end  of  this  distance  and  broken  down  with  wedges. 
The  entire  mass  usually  comes  down  in  a  single  piece  and  has 
then  to  be  broken  up  with  hammers  into  pieces  of  about  1 J  ft.  in 
diameter,  by  which  operation  about  10  per  cent,  of  stufi*  of  less 
than  4  in.  in  diameter  is  produced.  This  latter  is  considered  dust 
or  waste,  so  that  the  Russian  buckwheat  size  is  4  in.  in  diameter. 

The  anthracite  farther  to  the  north  and  west,  as  at  Doljik  57 
miles  N.  W.  of  Grushefka,  on  a  river  of  the  same  name  flowing 
into  the  Kamenka,  and  on  the  river  Khrustalnaya  70  miles  W. 
N.  W.  from  Grushefka,  is  not  so  hard  as  at  the  latter  place  and 
contains  but  87-89  per  cent,  of  fixed  carbon.  At  Amvroziefka 
on  the  Krinka  River,  80  miles  nearly  w^est  from  Grushefka,  a 
very  free  burning  anthracite  is  mined.  It  is  used  by  Mr.  Illo- 
vaisky  in  his  foundry  at  Zuefka,  16f  miles  N.  W.  from  Amvro- 


PhtU.,  1881,  IT,  3.J        Joumet/  in  Southern  Jiuwta. 


226 


I 


ziefka.  This  was  not  in  blast  at  the  time  of  my  visit,  but  he  and 
his  French  engineer  both  assun^d  me  that  they  used  it  with  satis- 
factory  results.  In  the  ordinary  tile  stoves  of  the  country  it  burns 
freely  and  attains  a  high  temperature  in  a  short  time  after  elop- 
ing the  stove  doors* 

I*roceeding  from  these  points  towards  the  north,  or  west,  the 
coal  becomes  softer  and  more  bitaminous,  until  at  Lissitchaosk, 
in  the  northwest  corner,  it  is  a  gas  coal,  which  gives  lump  coke 
only  from  lump  coal^  yields  but  30  per  cent  and  that  of  a  friable 
nature. 

It  is  said  that  the  sandstones  and  shales  of  the  anthracite 
region,  as  also  the  iron  orea^  are  much  harder  than  those  of  the 
region  of  softer  coals* 

1  add  the  results  of  trials  made  under  the  boiler  of  the  School 
of  Mines  of  St  Petersburg,  with  coal  from  RutehenkoyOj  from 
Cardiff  and  from  Newcastle,  and  with  wood,  for  the  purpose  of 
determining  the  heating  power  of  each.  The  mine  of  Rutchen- 
kovo  belongs  to  the  French  company  near  Hughes's  Works  on 
the  eastern  part  of  the  coal  fields,    (SotiMS  gfnSrcdc  miniere  el  in- 

All  three  kinds  of  coal  were  broken  with  a  hammer  a 
screened.  Rutchenkovo  gave  70  per  cent,  the  Newcastle  20  per 
cent,  and  the  Cardiff  15  per  cent  of  fine  stuff  that  passed  through 
a  screen  with  openings  of  30 ^mm. 

Each  experiment  lasted  from  3J  to  7  hours. 


Wkio&y  or  wATKft  lit  ntLoau.  irAF^K^TiD  nr  1  bilo.  i?v  vtrib. 

B!»a  of  Co*l- 

RaleheakaTo  eoiL 

II*WMatlfl  irtf*]. 

Cftrdltf  M*L 

Wood, 

Fine,  le^  than  3€  mm.  diam. 
From  30  mm.-50  mm.  diam. 
Fleces  ovti-r  50  mm.  diam. 

7.54S 

a  tor 

7,660 

d.749 

6,037 

6.87S 

S.631 
8,465 

1 

2.778 

The  wood  was  half  pine,  half  birch,  pieces  21  in.  long  and 
in.  to  2  in.  thick.  Weight  of  a  cord  of  such  wood,  3277*6  lbs.  Tak- 
ing the  mean  evaporating  power  of  1  kilo,  of  Kutchenkovo  coal 
at  7.7  kilogr.  of  water,  1  ton  of  this  coal  is  equal  to  1.9  cords  of 
the  kind  of  wood  used  above. 
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The  detailed  reports  of  these  trials  are  contained  in  the  Russiaii 
Mining  Journal  for  January,  1880* 

Two  tests  of  Yastchikovo  coal  made  on  locomotives  of  the 
Rostof-Vladiskafkas  Rw.  gave  8.4  lbs,  and  8.36  lbs.  of  water 
evaporated  for  1  lb.  of  coal  and  in  every  other  resjxjct  it  proved 
satisfactory.  Yastchikovo  lies  near  the  Donetz  Rw,  16  miles  R 
N.  E.  from  Debaltsevo. 

The  coke  made  from  the  bituminous  coals  is  firm  and  of  very 
good  quality.  One  sample  from  a  large  pile  that  was  made  out 
of  fine  stuff  in  meilers  in  a  rather  crude  way  contained  8  per 
cent,  of  ash.  But  particles  of  slate  i^  in.  to  |  in.  diameter  cx>uld  be 
seen  distributed  through  it,  owing  to  the  coal  not  having  been 
washed.  Were  the  coal  prepared  on  the  machines  used  in  West- 
phalia, where  the  constructors  of  dressing  works  guarantee  a  coke 
•  containing  not  over  4  per  cent,  of  ash,  equally  pure  coke  could  be 
expected. 

Samples  of  coal  taken  by  me  across  the  entire  vein  from  differ^ 
ent  veins  at  depths  of  from  7  ft.  to  210  ft,  measured  vertically, 
gave  tenure  in  per  cent,  as  follows : 


1 

2 

3 

4 

5 

81.6 
18.4 
7.76 

6 

7 

8 

9 

10 

Coke 

91.7 
8.3 

17.8 

91.5 

8.5 

V 

82.7 
17.3 
13.1 

82.3 

17.7 
9.5 

81.4 

18.6 

4.9 

72.9 

27.1 

4.9 

66.8 

33.2 

4 

62.3 

37.7 

5.5 

57.6 

Volatile  matter 

42.4 

Ashes.. ., 

3.8 

Depth   in   ft.  at  which 
sample  wan  taken 

30 

200 

210 

40 

60 

7 

60 

*70       3.5 

Mixtures  in  different  proportions  of  samples  1  and  9  were  coked 
in  a  crucible.  Even  with  70  per  cent,  of  the  anthracite  1  and  30 
per  cent,  of  No.  9  a  passably  firm  coke  was  produced. 

On  the  estates  that  I  visited  the  horizontal  distance  between 
the  workable  veins  varies  from  150  ft.  to  700  ft.  and  4  to  8  veins 
could  be  worked  from  one  shaft.  In  calculating  the  amount  of 
coal  under  ground  I  have  counted  on  an  extraction  of  only  66 
per  cent.,  though  I  think  that  it  would  amount  to  85  per  cent,  in 
practice.  A  width  of  the  outcrop  of  140  ft.  to  210  ft.  was  rejected  as 
unfit  for  market.     Veins  of  less  tlian  2  ft.  thickness  were  neg- 


*  Or  3'>0  ft.  measured  on  the  slope,  which  pitches  30°  to  the  north. 
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lected,  though  thioiier  ones^  especially  if  they  have  a  steep  pitch 
could  be  profitably  worked.  (In  Mariemont  near  Charleroi,  in 
Belgium,  I  was  told  that  one  of  the  very  profitable  veins  is  only 
16  in,  thick.)  The  average  quantity  of  coal  per  acre  to  a  depth 
of  VOO  a  IE  7100  tons,  where  the  dip  is  12°  to  15°  and  3300  to 
4400  tons,  where  the  veins  are  steep. 

As  an  example  of  the  mines  in  the  south  of  Russia,  I  will  take 
the  development  on  the  two  veins,  which  are  worked  at  Yastchi- 
kovD,  lying  south  of  the  Lugansk  branch  of  the  Donetz  R,  R., 
near  Uriefka  station. 

The  dip  of  the  veins  is  12^  to  15^  to  the  north.  The  upper 
seiini,  2^  ft.  thick,  is  worked  by  a  shaft,  210  ft.  deep,  9  ft  X  9  ft*, 
with  three  compartments,  two  for  the  cages  and  one  tor  the  steam 
and  water  pipes  of  the  underground  pump. 

A  slope  945  ft.  long  is  connected  with  the  bottom  of  the  shaft, 
and  was  sunk,  partly  for  development,  partly  for  ventilation. 
The  shaft  house  contains  a  rotary  engine  of  30  horse  power,  for 
hoisting  and  two  boilers  to  supply  the  engine  and  the  steam 
pump  at  the  bottom  of  the  shtift.  This  pump  works  in  winter 
about  one  fifth  of  the  time.  The  coal  is  trammed  under  ground 
in  cars  of  800  lbs.  cajiacity,  hoisted,  each  cage  holding  one  car, 
and  taken  to  the  screens, 

The  second  or  lower  vein  is  4  ft  thick,  has  a  shaft  182  ft  deep 
connected  with  a  sIo|ie  560  ft  long,  a  rotary  engine  for  hoisting, 
of  22  horse  power,  two  boilers,  a  steam  pump  at  the  hottoin  of 
shaft  and  a  separate  boiler  and  hoisting  engine  at  the  head  of 
slope.  This  vein  will  be  cut  by  sinking  the  shaft  of  the  upper 
vein  to  a  total  depth  of  350  ft. 

The  shaft  houses,  repair,  carpenter  and  blacksmith  shops,  oflice, 
and  house  for  employees,  small  houses  for  married  workmen,  and 
larger  ones  for  those  who  are  unmarried,  are  built  of  stone. 

A  railway  of  30  inch  gauge,  4  versts  in  lengthy  connects  the 
mine  with  the  Donetz  R.  R, 

To  show  the  cost  of  constructions  at  present,  I  quote  the  fol- 
lowing priceSj  as  given  to  me: 

Earthwork,  including  hauling  a  short  distance,  60  cop.  per  cub.  yd. 
Stone  masonry,  in  walls,  *  ,  ,  11,73  rubles  per  cub.  yd. 
Brickwork,  walls,      ....        23.92      "        "      *'    ** 
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or  17.23  rubles  per  thousand.    Size  of  bricks,  10J"x5"x2J". 
Roofs  for  a  span  of  38  ft,  26.30  roubles  per  square  (100  sq.  ft.). 

At  YastchikoYO  the  sinking  of  shafts,  construction  of  build- 
ings, putting  up  machinery,  everything  complete  and  ready  &r 
the  extraction  of  coal,  was  done  in  7  months  at  an  expense  of 
120,000  rubles. 

With  this  machinery  there  was  no  difficulty  in  raising  over 
3000  tons  per  month  from  one  of  the  shafts.  Better  hoisting 
works  can  be  found  on  many  of  the  mines. 

The  usual  method  employed  is  pillar  and  stall  work.  The 
roof  stands  with  comparatively  little  support.  There  is  not 
much  dead  matter  that  can  be  used  in  gobbing  up,  as  the  inter- 
calations are  generally  not  over  1-1^  inches  thick.  But  after  the 
extraction  of  the  coal  the  floor  rises  slightly,  portions  of  the  roof 
scale  off,  and  in  a  month's  time  the  open  spaces  are  filled  up 
without  any  disturbance  to  the  veins  above.  The  timber  that  I 
saw  used,  and  that  is  sometimes  in  part  recovered,  was  taken 
from  the  ravines  of  the  surrounding  country,  where  alone  trees 
are  to  be  found. 

The  selling  price  for  coal  on  cars  is  usually  7  copeks  per  pud, 
or  4.34  rubles  per  ton,  and  the  proprietors  count  the  cost  at  half 
the  amount,  or  2.17  rubles  per  ton.  The  estimated  cost,  2 J 
rubles  per  ton  on  cars,  given  in  Appendix  A,  is  based  on  actual 
experience  at  Yastchikovo.  If  the  mines  are  to  be  worked  on  a 
large  scale  for  at  least  ten  years,  the  cost  per  ton  for  a  production 
of  500  tons  per  day  from  one  colliery,  or  500,000  tons  per  annum 
from  4  collieries,  would  be : 

All  expenses  due  to  mining,  including  labor,  material,  officers, 
mine  transportation,  etc.,  per  ton  of  2,240  lbs.,  @  2.50  rubles.,  (1  ru- 
ble=$.51) $1.28 

10  per  cent,  redeeming  fund,  and  6  per  cent,  interest 
upon  investment  of  $750,000  for  collieries,  fixtures,  build- 
ings, dwellings,  etc.,        .......  .24 

Royalty  per  ton, .15 

Total  per  ton, $1.67 

equal  to  3.27  rubles  per  ton. 

Appendix  B  gives  the  cost  of  haulage  by  chains  and  by  wire 
ropes. 
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The  coal  is  now  generally  hauled  from  the  mines  to  the  rail- 
road on  sleds  in  winter  at  35  copeks,  and  on  wagons  in  summer  at 
23  copeks  per  ton  and  mile  for  short  distances,  say  2  yersts.  At 
one  mine  the  contract  price  in  summer  is  as  low  as  10|  copeks  per 
ton  and  mile  for  a  distance  of  11  miles,  the  owner  of  the  mine 
furnishing  the  teamsters  w^ith  pasturage  for  their  oxen. 

Each  sled,  drawn  by  a  small  horse  or  pony,  carries  300-500  lbs, 
of  coal.  One  driver  sometimes  takes  charge  of  2  or  3  sleds, 
attaching  the  bridle  of  the  pony  in  the  rear  to  the  sled  in  ad- 
vance. In  summer  a  yoke  of  oxen  will  haul  one  ton  in  a  wagon. 
Wherever  I  saw  accumulations  of  coal  at  the  railway  stations,  ii 
always  lay  on  ground  that  was  lower  than  the  track.  When  it 
is  to  be  shipped  it  is  carried  up  an  incline,  in  baskets  or  hand 
barrowSj  and  loaded  into  the  cars* 

Appendix  C  gives  the  production  of  coal  in  the  Donetz  basin 
and  the  estimated  consumption  for  1880*  It  is  claimed  that 
factories,  mills  and  machine  shops,  public  works  and  private  in- 
dividuals make  requisitions  for  only  the  amounts  that  they  feel 
sure  of  getting,  and  that  their  demands  would  be  vastly  higher^ 

^if  they  could  depend  on  a  supply. 
The  cost  of  transportation  is  as  follows : 
I 
K. 
Cc 
40 


Kates  of  freight 

Per  Veret  anrf  Pud.  Per  T»n  and  Mite 


)ouetK  Railroad, 
Kursk-Karkoff-Azof  R.  R., 
Kursk-Moscow  Railroad, 
Constantine  Railroad, 


1.69  copeks. 
1..55      " 
1.433    " 
2.214    " 


is  copek. 

^      " 

Freight  from  Moscow  to  St.  Petersburg  (distance  G04  versts  or 
403  miles)  is  10  copeks  per  pud,  or  6*20  rubles  per  ton,  equal  to 
1,54  copeks  per  ton  and  mile- 

From  St.  Petersburg  to  Moscow  it  is  8  copeks  per  pud,  or  4.d6cj 
rubles  per  ton,  equal  to  1.23  copeks  per  ton  and  mile. 

Tlie  following  table  gives  the  cost  of  coal  in  difierent  cities, 
taking  Uriefka  as  the  starting  point.    The  cost  on  cars  is  taken  J 
at  3.27  rubles,  as  calculated  alx>VG,  and  no  allowance  made  for" 
shrinkage  or  for  possible  small  extra  charges  (of  railroads),  that 
I  do  not  know  o£ 


230 


Journey  in  Sotithem  Bvstia.  [Proc.  Eng.  aab 


Dbstihatiov. 

DlSTAVOB. 

Febiort.         Cmt 

OF  1  Tom  OF  Coal, 

BTAETIVa  POIITT. 

V«rtU. 

MUes. 

Per  Ton.  ^On  Can. 

At  Destination. 

Uriefka. 

Nikitofka. 

58 

38}  B.  0.654'    3.27 

Rable,     392 

« 

Kharkof. 

365 

243 

3.826     3.27 

7.10 

« 

Kunk. 

6M 

396 

6.192 

3.27 

"         9.46 

If 

Orel. 

738 

492 

7.565 

3.27 

"       10.83 

« 

Tula. 

915} 
10961 

610 

9.259 

3.27 

"       12.58 

tt 

Moscow. 

731 

10.985 

3.27 

*'       14.25 

The  price  of  firewood  in  the  diflfereut  towns  varies  very  much. 
In  Moscow  it  costs  in  quantities  35  rubles  per  cubic  sajen,  or 
18.06  rubles  per  cord,  which  is  equivalent  to  26.12  rubles  per  • 
ton  of  coal,  as  the  heating  power  of  one  ton  of  coal  is  equal  to 
that  of  two  cords  of  wood. 

In  Karkof,  a  city  of  100,000  inhabitants,  wood  costs  23  rubles 
per  cubic  sajen,  or  8.58  rubles  per  cord,  equivalent  to  17.16 
rubles  per  ton  of  coal. 

How  soon,  after  being  assured  of  a  regular  supply  of  coal,  the 
inhabitants  of  the  difierent  cities  would  use  it  instead  of  wood ; 
how  soon,  for  instance,  Moscow  would  use  over  a  million  tons  per 
annum,  the  amount  which  it  is  claimed  it  now  needs  (see  appen- 
dix C),  I  am  unable  to  say. 

Among  the  causes,  which,  I  think,  prevent  the  rapid  adoption 
of  coal  for  fuel  in  the  interior,  the  principal  ones  are  probably 
the  small  scale  upon  which  the  coal  is  mined,  and  the  not  very 
economical  method  of  handling  it,  but  more  especially  the  lack 
of  sufficient  transportation,  of  which  the  mine  owners  complain, 
and,  as  I  believe,  with  good  reason.  Supplies  of  coal  cannot  be 
guaranteed  to  consumers,  and  they  are,  therefore,  unwilling  to 
change  from  the  use  of  wood  fuel.  In  any  event,  I  think  that 
its  adoption,  at  least  for  a  few  years,  will  be  of  slow  growth. 

The  city  of  Tula,  containing  over  60,000  inhabitants,  is  called 
the  Russian  Birmingham  and  Sheffield  combined  and  would, 
no  doubt,  lake  its  entire  supply  of  fuel  from  the  Southern  coal 
fields.  English  coal  sold  in  ISSO  in  St.  Petersburg  at  R.  9.30  per 
ton ;  freight  to  Moscow  is  R.  6.20,  so  that  a  ton  would  sell  for 
R.  15.50  in  tlie  latter  city  or  R.  1.25  more  than  the  cost  price  of 
Donetz  coal.  If,  by  running  trains  belonging  to  the  mines, 
freights  could  be  reduced,  the  Donetz  coals  would  probably  find 
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a  market  in  Moscow,  especially  as  they  can  be  delivered  during 
the  entire  year,  wjiile  the  closing  of  the  harbor  of  St  Petersburg 
by  ioe  prevents  English  coals  being  brought  in  during  six 
inonths  of  the  year. 

The  coal  from  the  fields  of  Central  Eussia^  near  Moscow,  I  ai 
told,  is  of  poor  quality,  very  impure^  has  a  large  percentage  of 
volatile  matteTj  and  does  not  coke. 

Though  Kief,  a  city  of  over  100,000  inhabitants,  lies  on  the 
Dnieper  river,  which  drains  a  thickly  wooded  country,  and  in  a 
district  where  lignites  have  been  discovered  and  mined  within 
the  last  fifteen  years,  requisitions  for  Donetz  coal  are  made  fn*m 
there  (see  Appendix  C),  and  no  doubt  in  many  towns  south  of 
Moscow  and  east  of  Kief  a  large  demand  could  be  created,  but 
not  in  a  very  sjiort  time. 

The  opening  of  mines  on  a  large  scale,  based  on  prospective 
coal  trade  alone,  might  lead  to  sad  disappointment.  The  railway 
companies  show  no  inclination  to  co-operate,  their  means  of  tniiis- 
portation  are  often  insutficient,  and  they  don't  care  to  afford  facil- 
ities, especially  as  the  government  guarantees  a  fixed  rate  of 
interest  on  their  bonds,  whether  it  is  earned  or  not.  As  ajipen- 
dix  C  shows,  the  estimated  production  of  1880  is  1,387,823  tons, 
i,  e.  95.6  per  cent,  more  than  the  amount  of  requisitions  for  the 
same  year.  With  the  anxiety  to  produce  which  these  figures  in- 
dicate, the  owners  of  small  mines  could,  by  hiring  the  peasants  of 
the  immediate  neighborhood  at  low  wages,  by  working  near  the 
surface  and  with  little  regard  for  the  future,  keep  prices  down  so 
low»  as  to  compel  the  large  mines  to  sell  with  little  or  no  pro- 
fit for  a  few  years.  But  a  company  carrying  out  an  enterj>rise 
such  as  was  projected,  comprising  the  opening  of  minas,  the  con- 
struction of  a  railroad  from  the  mines  to  the  sea  of  Azof  and 
connecting  with  the  roa<Ja  now  existing,  the  construction  of  a 
harbor  at  the  sea  of  Azof,  tlie  erection  of  iron  furnaces  and  steel 
works  of  a  capacity  of  70,000  tons  of  steel  rails  per  annum,  with 
a  guaranteed  sale  of  a  large  part  of  this  product  for  a  number 
of  years,  would  be  much  more  favorably  situated  than  a  mere 
coal  company.  It  would  be  its  own  consumer  of  coal  and  could 
take  advantage  of  any  coal  trade,  foreign  or  domestic,  that  might 
be  offered,  as  an  additional  source  of  profit, 
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I  see  no  reason  why  this  coal  should  not  come  into  competition 
with  the  English  coals  for  domestic  use,  except  that  it  is  more 
friable,  and  might  therefore  at  first  be  less  fiavorably  received. 
The  present  consumers  very  much  prefer  even  coking  coal  in 
kimpSy  and  to  break  it  themselves.  As  shown  in  the  comparative 
trial,  described  between  the  New  Castle,  Cardiff  and  South 
Russian  coals  (the  latter  from  Rutchenkovo),  the  English  coals, 
when  broken  by  hammer,  gave  l&to  20  per  cent  of  stuff  less  than 
1^  inches  in  diameter,  while  the  Russian  coal  gave  70  per  cent 
As  the  coal  is  very  friable,  it  would  be  of  little  use  to  separate 
the  fine  stuff  by  screening  at  the  mines,  as  a  great  deal  would  be 
again  formed  during  transportation  and  handling.  In  Russia, 
at  present,  this  preference  for  lump  coal  goes  to  the  extent  that, 
with  hard  anthracite,  everything  less  than  four  inches  in  diame- 
ter is  thrown  aside  as  worthless.  / 

With  coking  coal  the  friable  nature  is  not  so  objectionable. 
The  fine  stuff  of  semi-bituminous,  non-coking  coals  might  be 
made  into  artificial  fuel,  though,  where  I  have  seen  it  used,  it 
bums  well  even  without  specially  constructed  grates.  I  think 
all  the  coals,  at  least  all  that  I  have  seen,  would  require  prepara- 
tion on  dressing  machinery,  especially  if  they  are  to  be  used  for 
making  coke. 

In  judging  of  the  chance  of  selling  coal  in  the  ports  of  the 
Black  Sea,  I  am  of  course  governed  by  what  I  hear.  English  coals 
of  different  kinds  are  used  there,  and  there  is  no  reason  why  the 
Russian  coals  should  not  replace  them,  if  they  can  be  delivered 
at  less  price  and  of  sufficiently  good  quality. 

Iron  Ores. 

All  that  I  know  about  the  deposits  of  iron  ore  of  the  coal  forma- 
tion, seems  to  show  that  it  would  be  unsafe  to  count  on  their  con- 
tinuity either  on  the  dip  or  the  strike  of  the  formations,  in  which 
they  lie.  They  are  brown  hematite  and  seem  to  be  altered  car- 
bonate of  iron,  which  originally  replaced  limestone.  The  better 
ones  contain  40  to  50  per  cent,  of  iron,  7  to  20  per  cent,  of  silica, 
0.03  to  0.07  per  cent,  of  sulphur  and  0.12  to  0.4  per  cent,  of  phos- 
phorus, besides  lime  and  clay.    I  saw  one  deposit,  on  which  the 
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peasants  had  been  mining  for  a  distance  of  |  of  a  mile  wliile  at 
other  places  the  deposits  had  less  than  100  ft,  in  length.  On  the 
continuation  of  three  different  ones  I  found  by  prospect  shafts,  15 
to  25  ft  decp>  nothing  but  very  small  nodules  of  the  same  ore  in 
an  altered  limestone  and  forming  less  than  1  per  cent,  of  the  en- 
tire mass.  It  is  claimed  that  the  ore  in  depth  becomes  solid,  fill- 
ing the  entire  mass  of  the  vein.  Of  this  I  had  no  opportunity  of 
convincing  myself.  One  deposit,  3  to  SJ  ft  thick  with  a  dip  of  30° 
to  the  north,  on  the  continuation  of  which  I  had  explored  by  two 
sliafts  with  the  above  described  result,  had  been  of>ened  on  a  length 
of  1400  ft,  and  had  furnished  to  the  New  Russia  Iron  Company 
at  Uzovo  its  total  product,  1500  tons  of  ore,  or  a  little  more  than 
1  ion  per  foot  of  length  on  the  strike.  It  was  worked  out  to  a 
depth  of  15  to  20  ft.  measured  on  the  slope,  pillars  of  limestone  3 
ft.  in  diameter  remained  standing  and  some  of  the  pieces  of  ore 
were  composed  of  a  core  of  carbonate  of  iron  surrounded  by  por- 
0U3  brown  hematite.  The  whole  coal  formation  contains  many 
of  these  deposits  and  possibly  letter  ores  than  those  I  saw*  At 
Grushef  ka,  coal  vein  No.  4  is  overlain  by  red  hematite  of  2  ft.  4 
in.  thickness,  forming  a  very  hard  good  roof,  which  is  left  stand- 
ing as  plenty  of  iron  ore  is  found  in  the  neighborhood.  At  Gor- 
lofka,  4  mites  south  of  Nikitofka>  on  Mr.  Polakofs  property,  a 
vein  of  iron  ore,  which  at  a  depth  of  30  ft,  was  of  good  quality 
and  3  ft.  thick,  proved,  on  being  cut  at  a  greater  depth,  to  consist 
of  only  a  few  very  thin  seams.  Near  Petrofsky  (see  Iron  Works) 
a  Russian  engineer  sank  on  a  vein  of  brown  hematite  and  found 
the  ore  changed  to  carbonate  of  iron  at  a  depth  of  60  ft. 

The  peasants  generally  mine  the  ore  themselves.  Those  who 
supply  Hughes's  works,  haul  it  from  various  properties  lying 
14  to  33  miles  from  the  furnaces.  They  mine  in  a  primitive 
manner,  nowhere  over  30  ft  down  on  the  dip  of  the  veins, 
use  no  timber,  and  allow  the  openings  to  cave  in.  Hughes 
^did  not  seem  to  have  a  large  supply  of  ore  on  hand.    He  told 

le  that  in  bad  weather  in  winter  the  peasants'  supply  sometimes 
failed  him,  and  he  was  obliged  to  take  the  blast  off'  his  fur* 
nace  for  several  days.  His  consumption  of  ore  was  small,  the 
production  of  pig   iron   being  but  200  tons  per  week.    There 

Fas  not,  when  I  was  there,  demand  enough  for  steel  or  iron  to 
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keep  more  than  one  furnace  in  blast.  He  told  me  that  he  could 
not  compete  far  north  on  account  of  the  cost  of  transportation, 
and  that  he  had  no  outlet  to  the  south,  as  the  railroad  stops  40 
ipiles  short  of  Mariupol. 

Besides  the  iron  ores  of  the  Donetz  basin,  the  nearest  deposits 
that  I  have  heard  of  are  those  of  Korsak  Mogila,  33  miles  west  of 
Berdiansk,  a  port  on  the  Sea  of  Azof,  and  those  of  Krivoi  Rog, 
which  lies  about  120  miles  N.  E.  of  Nicolaief. 

Iron  ores  of  Krivoi  Rog  (Orooked  Horn).  See  Plate  XV.  A 
Russian  engineer,  who  made  a  very  careful  exploration  and  sur- 
vey of  these  deposits,  estimated  the  amount  of  ore  on  the  southern 
half  of  the  basin  down  to  water  level  to  be  40,320,000  tons,  con- 
taining, at  60  per  cent.,  24,192,000  tons  of  iron,  and  to  a  depth  of 
140  ft.  below  the  river  Inguletz  to  be  1,935,500,000  tons,  or,  with 
the  same  percentage  of  iron  1,161,300,000  of  metallic  iron.  The 
veins  pitch  towards  the  sinclinal  of  the  basin  at  angles  of  45°  to 
60°  ;  they  are  7  to  40  ft.  in  thickness ;  one,  vein  No.  3,  is  said  to 
be  even  700  ft.  thick,  but,  no  doubt,  contains  intercalations.  The 
outcrops  lie  175  to  280  ft.  above  the  river.  The  ravines  cutting 
in  from  the  Inguletz  River  and  Saxagan  Creek  cross  the  forma- 
tion and  facilitate  the  exploration.  In  making  the  estimate, 
above  mentioned,  only  so  much  of  each  vein  was  taken  as  could 
be  traced  north  and  south  from  each  ravine,  the  intermediate 
greater  portion  being  neglected.  Vein  No.  1,  from  7  to  14  ft. 
thick,  is  said  to  have  been  traced  on  the  outcrop  for  over  2  miles. 

Samples  were  taken  under  the  direction  of  Mr.  John  Fritz  of 
the  Bethlehem  Steel  Works  at  the  points  marked  1  to  8  on  the 
plan,  and  analysed  by  Dr.  F.  A.  Genth  of  the  University  of 
Pennsylvania.  The  ore  is  a  fine  grained  specular  iron  ore,  some- 
times of  remarkably  regular  stratification,  changed  near  the  sur- 
face to  red  hematite  and  limonite.  It  lies  in  quartzite,  which  is 
also  very  regular,  and  all  intercalations  are  quartzite,  with  or 
without  iron.  Dr.  Genth's  analyses  are  given  in  appendix  D. 
The  whole  basin  lies  in  the  granite  formation  of  the  Dnieper. 

Iron  ores  of  Korsak  Mogila  {Korsak' s  Grave),  The  exploration 
seemed  not  to  have  been  made  in  a  very  systematic  manner,  so 
that  it  was  impossible  to  decide  whether  the  ore  lies  in  regular 
veins,  or  irregular  bodies,  or  what  is  the  extent  of  each  deposit. 
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The  ore  is  found  in  a  low  ridge  of  quartzite,  the  highest  points 
of  wliich  are  about  2<X)  ft.  above  tlie  nearest  water  courses.  In 
a  prospect  ditch  of  150  ft.  in  length,  I  found  deposits  that  looked 
like  veins,  one  of  10  ft,  the  other  of  4  ft.  thickness  and  60  ft,  apart, 
pitching  75"^  west,  the  ore  strongly  magnetic,  samples  of  wliich, 
analysed  by  Dr,  F,  A,  Genth,  gave  the  results  shown  in  appendix 
D.  I  found  no  signs  of  explorations  made  to  prove  the  extent 
north  and  south  of  these  deposits.  Mr,  Nossof,  who  explored  the 
ground  in  1862,  in  a  report,  which  I  have  read  since  my  return 
to  this  country,  speaks  of  the  quortzite,  in  wliich  the  ore  lies,  as 
having  penetrated  the  granite  formation  from  below*  His  ex- 
ploring ditches  and  shafts  extend  to  a  depth  of  from  7  to  21  ft, 
and  show  nothing  but  irregular  deposits.  A  great  deal  of  work 
would  have  to  be  done,  before  an  opinion  could  be  formed  as  to 
their  extent  or  value, 

A  report  that  coal  was  found  in  the  irrmiediate  vicinity  of  these 
iron  ores  arose  as  follows.  About  9  miles  to  tlie  north  east  of 
Korsftk  Mogila  is  the  outcrop  of  a  vein  of  hornblende  schist  1  11 
thick,  lying  in  granite,  which  was  once  reported  as  the  outcrop 
of  a  vein  of  coal,  probably  in  consequence  of  its  dark  greenish- 
black  color.  Three  German  miners,  availing  themselves  of  this 
appearance,  sunk  on  the  outcrop,  filled  their  shaft,  which  was  5 
ft,  deep,  with  bituminous  coal  from  the  Donetz  basin,  broken  in 
small  pieces,  poured  dirty  water  upon  it,  tlien  dug  it  out  again 
and  showed  it  to  persons,  who  were  interested  in  the  supposed 
coal  lands  and  in  whose  pay  they  probably  were.  The  fraud 
was  easily  discoveredj  especially  as  the  formation  contained  no 
sedimentary  strata,  in  wluch  coal  might  be  contained. 


Irok  Works. 

Tlie  government,  though  anxious  to  develop  iron  and  coal  in- 
dustry, was  not  always  very  fortunate  in  its  efforts.  The  first 
attf^npts  in  tlie  south  were  made  at  Lugajiskf  the  site  being 
chosen  probably  because,  though  16  miles  outside  of  the  coal 
fields,  the  river  Lugan  furnished  power. 

The  Lugansk  iron  works  were  built  in  1796,  by  GascoiUi  a 
Scotchman,    A  man  of  the  same  name»  who  lived  during  the 
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reign  of  Peter  the  Great,  worked  the  iron  furnaces  on  the  shores 
of  Lake  Onega,  in  the  Olonetz  District,  300  miles  north  of  St 
Petersburg,  at  the  Petrosavolsk  iron  works.  In  Lugansk  two 
blast  furnaces  with  bloomeries  were  built  originally.  Gascoin 
made  a  few  thousand  puds  of  poor  iron,  using  coke  made  of 
Lissitchansk  coal,  which  yields  but  30  per  cent,  of  coke,  and  that 
of  a  friable  nature.  Lissitchansk  lies  on  the  Donetz  River,  45 
miles  in  a  straight  line  N.  60°  W.  from  Lugansk.  Grascoin  died 
about  1820.  In  1830,  another  attempt  was  made,  with  like  results. 
The  iron  was  afterwards  used  for  ballast  in  ships  of  war.  In  1833, 
the  blast  furnaces  were  torn  down  and  cupolas  erected  in  their 
stead.  Pig  iron  was  brought  from  the  Ural  Mountains  and  an- 
thracite from  Grushef  ka,  200  miles  south,  for  use  in  the  foundry. 
After  this  time  the  works  were  only  used  for  making  ordnance  for 
the  Black  Sea  navy  and  fortresses.  During  the  Crimean  war  16 
cupolas  were  in  blast.  At  present  some  custom  work  is  done  for 
mines  and  railways,  and  agricultural  implements  are  repaired. 

800  mechanics  and  laborers  are  now  employed.  The  capacity 
of  the  foundry  is  8064  tons  of  small  projectiles  per  annum.  In 
1879,  with  1500  men  and  with  3  of  the  4  cupolas  always  in  blast, 
the  value  of  the  products  was  $1,500,000. 

Iron  works  were  first  constructed  at  Petrofshy,  in  the  western 
part  of  the  coal  fields,  in  1856.  Coke  was  procured  from  mines 
at  two  miles  distance  and  ores  from  20  miles  to  the  southwest.  In 
1864,  General  Rachette,  chief  of  the  mining  department;  at  St. 
Petersburg,  ordered  a  furnace  of  his  pattern  to  be  erected  and  as 
the  Russian  engineer  in  charge  refused  to  construct  it,  not  deem-  * 
ing  it  suitable  for  iron  smelting,  a  German  mining  engineer  was 
imported  for  that  purpose.  The  furnace  was  put  up  in  1865  to  '66 
and,  it  is  said,  made  some  good  iron.  But  owing  to  defective 
construction  the  lining  gave  out,  the  campaign  lasting  only  10 
days.  General  Rachette  hereupon  declared  that  Petrofeky  was  in 
no  respect  the  proper  place  for  iron  works,  but  that  Lissitchansk 
was  most  favorably  situated  and  it  was  immediately  decided  to 
build  there.  General  von  Helmersen  seemed  to  be  of  the  same 
opinion,  as  in  1873  he  speaks  of  the  place  as  one  singularly  fav- 
ored by  nature.  To  me  it  seems  the  last  place  in  the  coal  fields 
for  iron  works.    The  ground  is  unfavorable,  the  coal  is  unfit  for 
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DQaking  coke  and  there  are  no  specially  good  ores  in  tbe  vicinity* 
All  the  machinery  was  hauled  on  wagons  from  Petrofsky  to  Lissi- 
tchansk,  no  railways  existing  at  that  time  in  the  coal  fields.  The 
works  were  commenced  in  1867  and  finished  in  1869.  The  Ra- 
chette  furnace  was  so  modified  that  the  inventor  would  not  have 
recognized  it*  Its  section  was  oval  instead  of  rectangular,  it  bad 
but  7  tuyeres  and  instead  of  increasing  in  area  from  the  boshes 
up  it  was  drawTi  in  in  the  usual  way*  The  old  mines  wore  sys- 
tematically^ opened  and  good  hoisting  and  pumping  engines  put 
up.  The  metallurgist  objected  to  use  Lissitchansk  coke,  so  the 
furnace  was  blown  in  with  coke  hauled  from  Golubof  ka^  20  miles 
to  the  south-east  It  ran  3  weeks  making  800  tons  of  pig  iron  and 
was  then  blown  out,  as  the  supply  of  coke  was  consumed*  Two 
subsequent  attempts  were  made  to  smelt,  first  with  Lissitchansk 
coke  mixed  with  coke  made  of  coal  of  a  better  coking  quality, 
taken  from  discoveries  that  were  made  50  years  ago  and  lying  10 
miles  from  Lissitchansk,  and  with  this  coke  and  raw  coal,  but 
without  success.  About  40  tons  of  poor  white  iron  were  made 
and  then  operations  ceased*  The  trials  lasted  0  weeks;  since  then 
even  the  mines  have  been  idle.  The  government  not  wishing  to 
compete  with  individual  enterprises^  only  raises  enough  coal  for 
its  own  use  and  to  work  the  pumps  to  keep  the  mines  clear  of  wa- 
ter, for  the  benefit  of  the  scholars  of  the  scliool  for  mining  bosses, 
wliich  is  established  at  Lissitchansk*  A  part  of  the  practical 
course  of  these  young  men  consists  in  working  in  the  mines. 
The  machinery  which  was  put  up  at  Lissitchansk  had  all  been 
made  at  Lugansk, 

The  success  attending  the  use  of  the  Raehette  form  of  furnace 
in  copper  smelting  induced  the  inventor  to  have  the  same  prin- 
ciple applied  in  iron  furnaces,  and  among  the  first  constructed 
was  one  at  the  Baranchinsky  iron  works  in  the  north  of  the  LIral 
mountains*  It  had  16  tuy&res  of  2 J  in.  diam*,  8  on  a  side*  Gen, 
Raehette  first  intended  to  have  double  that  nuDiber.  From  the 
bosh  upwards  the  furnace  increases  in  sectional  area  as  shown  in 
PI.  XVI*  It  worked  with  charcoal  with  a  blast  of  2  to  2|  in.  of  mer- 
cury. I  could  not  obtain  the  dimensions  of  this  furnace  and 
give  in  PL  XVI  those  of  an  improved  one,  which  I  take  from  Prof. 
,  Jossa%  lecture  on  the  present  condition  of  pig  iron  industry  in 

VOL.  II.— 16. 
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Russia.*  The  first  furnaces  of  this  form  worked  very  unsatis* 
factorily  and  at  the  suggestion  of  an  engineer,  the  same  who 
afterwards  built  the  iron  works  at  Sulin,  experiments  were  made 
to  determine  the  reactions  taking  place  in  different  parts  of  the 
furnace.  The  trials  were  made  at  the  Rayvola  iron  works  in 
Finland;  the  furnace  had  6  to  8  tiiy&res  of  2^  in.  diam.  and 
worked  with  pine  charcoal  under  a  blast  pressure  of  2  to  2|  in, 
of  mercury.  A  small  portion  of  tlie  charge  was  placed  in  an 
iron  vessel  Mfith  perforated  sides  and  having  small  compartments 
containing  plugs  of  different  degrees  of  fusibility.  The  vessel^ 
attached  to  a  gas  pipe  was  allowed  to  d^cend  with  the  charge  to 
different  points  of  the  interior  and  a  sample  of  the  gas  at  each 
point  taken  for  analysis  before  the  vessel  was  withdrawn  and  its 
contents  examined.  The  result  showed  that  the  proper  reactions 
did  not  take  place  as  in  a  well  constructed  round  furnace  and 
that  the  conditions  varied  very  much  at  different  points  of 
same  horizontal  cross  section.  A  very  serious  practical  dliBcuIlgr 
presented  itself  in  consequence  of  the  enonious  flame  at 
tunnel  head,  which  prevented  the  men  approaching  near  enough 
to  charge  properly.  ^ 

The  Rachette  furnaces  now  in  use  have  generally  fewer  tuyeres 
than  the  one  shown  in  PI.  XVI,  sometimes  only  3  on  each  side,  and 
seem  to  work  satisfactorily,  though,  I  think,  the  Russian  en- 
gineers prefer  the  round  form. 

Iluglies's  Works. — These  w^orks,  menti«>ned  on  page  233  and  241, 
lie  at  Uzovo  on  a  short  branch  of  the  Constantinof  ka  Railway. 
They  were  built  in  1870  to  1872,  by  the  New  Russia  Company,  com- 
posed of  English  capitalists,  who  obtained  a  concession  to  build  a 
railway  from  Constantinof  ka  on  the  Kursk-Kharkof- Azof  Railway 
to  Mariupol  on  the  Sea  of  Azof,  on  condition  of  building  iron  and 
steel  works  on  the  line  of  their  road.  The  company  has  two  fur- 
naces, each  of  a  capacity  of  200  tons  of  pig  iron  per  week,  and  a 
much  smaller  one  used  for  making  ferrq- manganese.  At  the 
time  of  my  visit,  Feb.  25th,  1880,  this  latter  and  one  only  of  the 
larger  ones  were  in  blast.     The  four  Siemens-Martin  furnaces 

*  Extract  of  this  lecture  with  cuts  of  different  furnaces  is  given  in  ZXngler's  poly- 
technischee  Journal,  Vol.  239  (1881),  p.  219. 
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were  idle,  as  Mr.  Hughes  was  only  making  wrought  iron  rails 
and  merchant  bars.  All  the  machinery,  iron  buildings  of  roll- 
ing mill  and  iron  work  for  furnaces,  were  brought  from  England, 
The  plant  is  very  good  but  the  ground  seeiiis  not  very  well  chosen, 
the  slag  dump  appeared  10  ft  higher  than  the  ground  on  whieli 
the  furnace  stands*  There  is  no  casting-house  or  any  shelter  for 
the  men  that  work  at  the  blast  furnaces.  The  coal  mines  are 
i^lose  to  the  works,  and  one  vein  furnishes  coal  out  of  which  coke 
of  excellent  quality  is  made  in  ordinary  clamps.  It  can  be  taken 
out  of  the  clamps  in  columns  as  long  as  the  full  height  of  the 
charge  (4  ft.),  is  very  firm,  has  a  metallic  lustre  and  a  bright, 
steel  grey  color.  Mr.  Hughes  makes  a  very  fine  foundry  iron 
with  0.5  to  0.6  per  cent,  of  phosphorus.  Some  of  his  inferior 
grades  I  saw  used  at  Lugansk  for  casting  projectiles.  His  ores 
cost  delivered  R  3.72  to  R  5.68  per  ton,  or  average  R.  465.  Some 
of  them  contain  a  large  percentage  of  manganese;  they  are  all 

|jnined  in  the  coal  measures  and,  as  mexitioned  above,  not  over 
J3  miles  from  his  works. 

Pastukofs  Iron  Works, — The  only  other  furnace  in  tlie  Donetz 
basin  is  at  8ulin,  in  the  anthracite  region,  12  miles  N.  N,  W*  of 
Grushefka,  and  was  built  in  1869  to  70.  The  whole  plant,  in- 
cluding puddling  furnaces  and  rolling  mills,  is  admirably  planned 
id  the  site  well  chosen.     The  rnaehinery  was  brought  Irom  Bel- 

Lgium,  as  it  was  found,  in  spite  of  a  very  high  protective  duty,  to 
be  cheaper  and  better  tlian  that  offered  in  Russia.  During  the 
first  year  anthracite  from  Grushefka  was  used,  but  afterwards 
tlie  veins  at  Suliii  furnished  the  fuel.  The  ores  were  mined  at  a 
cost  of  R.  2,17  (8 LOS)  per  ton,  including  a  royalty  of  8  to  16  co- 
peks,  and  were  delivered  at  the  furnace  at  a  total  cost  of  about 

^K.  130  per  ton.  The  coal  cost  R.  G.20  per  ton,  and  1.33  to  L5 
3ns  were  required  to  produce  one  ton  of  pig  iron.  Two  cam- 
paigns were  made  by  the  engineer  who  built  the  works,  one  of 
six  and  one  of  four  months.  Afterwards,  the  proprietor  changed 
his  engineers  frequently,  and  but  very  short  campaigns  were 
made.  In  1880j  the  furnace  was  not  in  blast,  mercliant  iron  be- 
ag  made  out  of  accumulated  pig  iron,  the  former  product  of 
le  furnacOj  and  out  of  old  rails. 
An  effort  was  made  to  combine  the  construction  of  a  steel  rail 
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mill  with  the  Kursk-Kharkof-Azof  R.  R.,  connecting  Kursk  with 
Taganrog,  but  without  result.  The  concession  for  this  road  was 
granted  with  the  condition  that  steel  works  should  be  built  on 
its  line  in  the  coal  fields.  After  the  completion  of  the  road  the 
engineers,  who  were  to  take  charge  of  the  different  departments 
in  the  new  work,  did  not  agree  entirely  with  the  gentlemen  who 
had  obtained  the  concession,  and  as  Mr.  Hughes  was  then  con- 
structing his  works  at  Uzovo,  the  former  made  this  a  plea  for  ask- 
ing that  he  might  defer  the  construction  of  his  own  works  until 
after  Mr.  Hughes's  enterprise  had  been  successfully  established, 
that  he  might  profit  by  the  experience  gained  there.  The  request 
was  granted  in  1869.  Mines  were  opened  at  Gorlof  ka,  four  miles 
south  of  Nikitof  ka  in  the  same  year,  but,  though  Mr.  Hughes's 
works  have  been  in  blast  since  1871,  no  steps  had  been  taken  up 
to  1880  to  put  up  steel  works. 

Building  Materials, — ^The  limestones  of  the  coal  measures  con- 
tain a  very  slight  trace  of  magnesia  and  furnish  an  excellent 
lime.  Mr.  Hughes,  who  at  first  used  fire-bricks  brought  from 
England,  now  makes  them  from  clay  found  not  very  far  from  his 
works.  Some  of  the  sandstones  furmsh  fiags  3  and  4  ft.  square 
and  11  in.  to  2^  in.  thick;  others,  good  building  stones  of  over 
a  foot  in  thickness,  with  smooth  parallel  surfaces,  while  others 
furnish  very  good  millstones. 

With  the  exception  of  the  river  bottoms  and  some  of  the  ra- 
vines, the  coal  fields  are  entirely  treeless.  The  timber  is  oak, 
small  and  crooked.  Large,  straight  timbers,  especially  pine,  are 
brought  from  the  Dnieper  river,  and  cost  at  present  about  $10.00 
a  thousand  at  the  mines.  The  best  point  to  establish  saw-mills 
would  be  at  Ekaterinoslaf,  immediately  above  the  cataracts  of 
the  Dnieper,  193  miles  from  Debaltsevo,  the  central  junction  of 
the  Donetz  railway.  These  cataracts  extend  from  Ekaterinoslaf 
to  Alexandrovsk,  a  distance  of  45  miles,  and  the  depth  of  water 
on  them  in  the  spring,  the  time  of  shooting  the  rapids,  governs 
to  some  extent  the  price  of  lumber  at  Kherson  at  the  mouth  of 
the  Dnieper,  the  present  great  lumber  market  of  the  south  of 
Russia. 

In  the  year  1870,  before  communication  by  rail  existed  be- 
tween the  Dnieper  river  and  the  coal  fields,  the  engineer,  who 
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built  the  iron  works  at  Sulin,  bought  and  cut  down  part  of  a 
forest  near  Solikansk,  on  the  upper  Kama  river,  114  miles  nortli 
of  Perm,  made  up  rafts  composed  of  timbers  35  ft  long,  and  had 
these  towed  down  the  Kama  and  Volga  rivers  to  Tsaratsin, 
thence  transported  by  rail  a  distance  of  48  miles,  to  Kalatch  ou 
the  Don,  made  into  rafts  again  and  towed  down  to  Rostof,  again 
loaded  upon  cars  and  transported  78  miles  to  SuHn,  costing  liim 
delivered  $10.00  per  1000  ft  board  measure.  The  total  distance 
is  1600  miles.  The  logs  were  sawed  into  boards  by  hand.  La- 
bor  was  so  cheap  that  the  total  cost  of  sawing  was  only  1  ruble 
(51  cts.)  per  1000  superficial  feet 

Labor.  As  far  as  I  have  been  able  to  observe,  the  Russian 
workmen  are  not  wanting  in  intelligence  and  seem  apt  at 
learning  anything.  The  complaint  that  they  shirk  may  be 
well  founded  J  though  I  doubt  if  they  are  worse  than  Engliiih- 
men,  or,  at  least,  than  Welshmen  and  Cornishmen.  At  Hughes's 
works  they  were  accused  of  want  of  judgment  as  puddlers  The 
ordinary  peasant  is  probably  lazy,  and,  as  his  wants  are  few,  he 
can  afford  to  be  independent,  but  almost  every  kind  of  work 
expected  of  them  can  be  done  by  contract  They  certainly  are 
not  afraid  of  exposure  to  severe  weather.  I  saw  them  hauling 
coal  and  forage  on  one  occasion,  they  walking  in  the  snow  next 
to  their  oxen,  or  horses,  when  the  thermometer  stood  at  — 13°  F. 
and  a  strong  wind  was  blowing.  Those  that  I  saw  in  the  sum- 
mer in  the  villages  along  the  north  shore  of  the  Sea  of  Azof 
seemed  in  much  better  condition  than  the  peasants  farther  north. 
The  houses  were  kept  scrupulously  clean,  and  there  was  an  air 
of  thrift  and  comfort,  which  showed  that  the  inmates  were  well 
off. 

The  wages  given  on  Appendix  E.  are  i^l>out  the  same  as  those 
that  rule  throughout  the  coal  fields,  but  they  wouUi  advance  very 
much  in  case  of  such  an  increased  demand  for  labor,  as  would 
result  from  the  starting  of  any  large  enterprise. 

The  low  price  of  wages  seems  to  lead  to  methods  of  work,  that 
are  not  economicaL  For  instance,  at  Lugansk  the  anthracite 
coal  and  pig  iron  is  carried  in  arms  of  the  workmen  up  a  flight 
of  steps  9  ft*  high  and  thrown  into  the  charging  door  of  the 
cupola.  ^The  projectiles  are  carried  from  one  building  to  the 
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other  over  a  distance  of  several  hundred  feet  in  the  arms  or 
aprons  of  laborers.  Then  at  Bostof  on  the  Don,  where  I  saw 
a  small  steamer  loading  grain,  a  laborer  carried  each  sack  from 
the  wagon  to  a  fan,  such  as  our  farmers  u=ie,  and  emptied  the  con- 
tents into  the  hopper.  A  second  man  turned  the  farij  while  a 
third  shovelled  the  grain  from  the  ground  into  a  sack,  held  by 
a  fourth,  who  threw  it,  when  full,  on  the  back  of  a  fifth,  who 
carried  it  on  board  the  steamer.  Wagon,  fan  and  steamer  wem 
about  on  the  same  level  and  50  to  IfX)  ft.  apart.  The  railway 
terminus  both  at  Rostof  and  at  Taganrog  is  on  the  opposite 
side  of  the  city  from  the  wharves. 

School  for  Foremen  at  lAssUchansL  This  is  similar  to  the 
" Bergschulen  "  in  Grermany.  The  young  men,  generally  sous  of 
miners,  receive  theoretical  instruction  during  three  and  a  half 
hours  in  the  forenoon,  when  they  are  physically  and  mentally 
fresh,  and  the  afternoons  are  spent  at  work  in  the  mines  and 
shops.  The  course  requires  four  years  and  comprises  instruction 
in  writing,  arithmetic,  Russian  language,  religion,  history,  geogra- 
phy, drawing,  geometry,  algebra,  descriptive  geometry,  trigo- 
nometry, surveying  on  the  surface  and  underground  with  praoticc 
in  same,  physics,  chemistry,  mechanics,  mineralogy,  geologj'-  and 
mining.  Lissitchansk  is  the  oldest  mining  town  in  the  Donetz 
basin.  Coal  having  been  mined  there  as  early  as  1791,  and  this 
is  probably  the  reason  w^hy  it  w^as  chosen  as  the  site  for  the 
school  and  also  for  the  government  iron  w^orks.  These  and  the 
mines  cost  the  government  over  a  million  of  rubles  and  were 
offered  for  sale  in  1880  for  120,000  rubles. 

While  at  Lissitchansk  I  was  shown  a  specimen  of  the  iron 
from  the  anvil  block  of  the  great  steam  hammer  of  Perm.  The 
hammer  weighs  50  tons,  the  steam  cylinder  has  a  diam.  of  5  ft. 
and  a  stroke  of  10  ft.  With  over  steam  the  effect  of  each  blow 
is  estimated  at  3280  foot  tons.  The  anvil  block  weighs  564.5 
tons.  It  w^as  cast  from  8  cupolas  in  24  hours,  and  remained 
liquid  6  weeks,  during  which  time  iron  w-as  added  as  it  shrank. 
It  required  9  months  to  cool.  It  was  cast  with  trunnions  by 
which  it  was  raised  and  turned  lower  side  up.  The  specimen 
had  been  broken  from  tlie  block  and  was  remarkably  soft  and 
tough,  owing,  no  doubt,  to  the  long  time  it  was  cooling.. 
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Railkoads  and  Ports. 

The  government  has  deemed  it  more  economical  to  grant 
liberal  concessions  to  private  individuals  while  furnishing  a 
great  part  of  the  necessary  capital  than  itself  to  undertake  the 
construction  of  railroads. 

KuTsk'Kharkof'Azof  R.  R.,  built  about  1870,  The  government 
took  the  whole  mortgage  covering  the  total  i-ost  and  one- fourth 
of  the  stoek,  leaving  three-fourths  to  the  conipanyj  and  guar- 
antees 5  per  cent  interest  per  annum  on  the  mortgage,  whether 
earned  or  not  The  road  to  Odema  was  built  under  similar  con- 
ditions, 

Doneh  R.  R,  built  about  1874^7 6.  The  government  took  all 
the  mortgage  bonds  and  five-eighths  of  the  stock ,  leaving  the  com- 
pany throe-eighths.  One-eighth  was  afterwards  hypothei'ated 
with  the  government,  so  that  it  now  owns  all  the  bonds  and 
three-fourths  of  the  stock. 

In  the  case  of  the  Constantinofka  lins  the  government  not 
only  paid  more  per  mile  than  the  amount,  at  which  tlie  com- 
pany let  tlie  contract,  but,  to  aid  the  enterprise,  graded  the  entire 
rotid  from  t^lenofka,  the  present  terminus,  to  the  port  of  Mariupol 
with  Turkish  prisoners  during  tlie  war  of  1878,  and  found,  to  its 
cost,  that  it  would  have  been  cheaper  to  hire  native  labor.  The 
distance  is  60  miles.  Mariupol  was  settled  by  Greeks,  one  hundred 
years  ago,  and  now  contains  8000  inhabitants.  It  is  difficult  to 
understand  why  it  should  have  been  chosen  as  the  future  termi- 
nus of  the  Constantinofka  R,  R.  The  Kalmius  river  forms  a  good 
harbor  for  small  boats,  but  vessels  drawing  14  ft  have  to  lie  off  3 
to  4  miles  from  the  town.  Even  the  steamer,  in  which  I  came 
from  Taganrog,  drawing  but  eight  feet  of  water,  could  not  approach 
nenrer  than  IJ  miles  from  the  shore.  In  spite  of  this  difficulty, 
5,700,000  bushels  qf  grain  were  shipped  from  Mariupol,  out  of 
48,000,(100  bushels  that  left  the  ports  of  the  sea  of  Azof  in  1S79, 
The  natural  terminus  for  this  road  is  Berdiansk,  a  town  of  15,000 
inhabitants,  founded  in  1827,  the  best  port  on  the  north  coast  of 
the  sea  of  Azof,  and  only  90  miles  from  Elenofka.  A  spit  of  sand 
protect'*  it  on  the  cast  and  a  breakwater,  1500  ft  long,  has  been 
constructed  about  half  a  mile  from  the  shore.    The  pier  is  300  ft. 
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long,  with  10  to  12  feet  of  water  at  its  liead.  Vessek  begin  load- 
iiig  by  having  grain  carried  aboard  in  bags  and  emptied,  aud 
finish  by  loading  from  lighters,  from  which  the  grain  is  taken  m 
baskets. 

The  most  important  port  of  the  sm  of  Azof,  Taganrog,  with 
50,000  inhabitants,  has,  owing  to  the  bars  at  the  mouth  of  the 
Don,  the  same  disadvantage  as  Mariupol  in  a  greater  degree,  large 
vessels  having  to  lie  15  to  25  miles  from  the  town.  The  depth 
of  water  in  the  harbor  is  9  ft. 

Rostof  on  the  Don  has  as  large  a  foreign  trade  as  Taganrog, 
but  is  obliged  to  ship  its  exports  in  barges  or  lighters  to  the 
Taganrog  roadstead.  Half  way  between  Taganrog  and  Mariu- 
pol, at  Krivaya  Kosa,  a  depth  of  14  ft.  of  water  is  found  at  2000 
to  2,500  ft.  from  the  shore.  But  a  few  fishermen  live  there,  no 
town  has  sprung  up,  as  there  is  no  natural  harbor.  The  depth 
of  water  in  the  straits  of  Kertch  or  Yenekali,  south  of  Berdiansk 
is  18  ft.,  and  the  greatest  depth  of  water  in  the  sea  of  Azof  is  40 
feet. 

The  railroads  in  the  south  of  Russia  are  well  built,  with  steel 
rails  even  on  the  sidings.  The  guage  is  5  ft.  all  over  l^l^?5in. 
The  rolling  stock  is  similar  to  those  in  the  rest  of  Europe,  the  cars 
having  very  long  wheel  bases,  with  either  2  or  3  axles,  and  are 
necessarily  destructive  to  the  track  and  to  themselves.  Trucks 
are  not  in  use.  Trains  are  run  on  a  side  track  at  the  stations, 
necessitating  two  switches  and  their  attendants.  In  laying  out 
the  roads  it  seems  as  if  too  much  stress  had  been  laid  on  keeping 
the  same  level  without  regard  to  the  cost  of  grading,  or  length  of 
track.  In  one  instance  on  the  Donetz  road  a  very  long  curve  is 
made  to  avoid  a  slight  depression,  though  freights  are  carried 
both  ways.  In  other  cases  it  seemed  as  if  a  cut  in  the  side  hill 
could  have  been  made  half  cut  half  fill  without  disadvantage  to 
the  trace  of  the  road.  So  north  of  Moscow,  on  the  way  to  St. 
Petersburg,  the  road  is  laid  in  a  cut  which  for  3  miles  is  25  feet 
deep.  And  this  is  the  more  astonishing  as  in  most  instances  the 
cut  is  wasted  and  the  fill  is  borrowed.  Only  in  very  deep  cuts 
and  high  embankments,  when  near  to  each  other,  have  I  seen 
this  avoided.  The  cause  may  be  owing  partly  to  the  fact  that  the 
earth  work  is  done  by  the  peasants  with  their  small  carts  and 
wagons. 
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$iaOO  per  ton 
20.00  ''  " 
47.00  "  " 
64,00  "  " 
31.60  ''  " 
48.40  per  axla 
70.70  "  " 
144.60  "  " 
208-86    "       " 


The  duty  on  railway  supplies  is  as  follows: 

Bails,  iron  or  steel, 

Iron  castings,  without  finish. 

Tires  and  axles  of  iron,       .... 

Tires  and  axles  of  steel,        .        .        .        > 
Locomotives,         ._..., 
Platform  and  coal  cars,         .... 

Freight  cars,  ...... 

Second  class  passenger  cars, 

First  class  passenger  oars,     .... 

To  foster  home  industry  still  further  the  government  will  not 
permit  the  importation  of  railway  supplies  unless  it  can  be  shown 
that  the  native  works  are  unable  to  furnish  what  is  required. 
And  that  all  requisitions  are  closely  scrutinized  is  shown  by  the 
fact  that  in  one  instance,  when  a  railway  company  asked  permis- 
sion to  import  large  and  small  locomotive  wheels,  the  question 
was  asked  why  they  wanted  a  greater  number  of  the  former  than  i 
of  the  latter,  and  the  request  was  not  granted  until  the  directorei 
had  explained  that  the  small  ones  wear  out  faster  than  the  others. 

Unsuccessful  efforts  were  made  by  the  French  company,  hav- 
ing mines  at  Rutchenkovo,  to  obtain  a  concession  to  extend  their 
road  east  and  west.  It  would  probably  have  passed  a  short  dis- 
tance north  of  Berdiansk,  with  a  branch  to  that  port,  thence  to 
Koisak  Mogila,  thence  to  a  junction  with  the  Lrozovo-Sebastopol 
Railway*  This  is  a  much  needed  connection  and,  with  a  greater 
spirit  of  cooperation  than  is  now  manifestedj  would  furnish  a 
good  outlet  for  the  Donetz  and  other  roads.  Another  line  was  to 
connect  Kurakhofka  with  Ekaterinoslaf  and^  passing  thence  to 
file  Krivoi  Rog  ore  deposits,  form  a  junction  with  the  Nicolaief 
Railway.  At  Debaltsevo,  the  central  station  of  the  Donetz  roadj 
we  found  fifty  locomotives,  most  of  them  new,  some  that  had  never 
been  used,  nearly  as  many  more  out  of  repair,  and  about  one 
hundred  cars,  half  of  wliieh  were  used  as  lodging  houses  for  tha- 
men*  It  was  certainly  not  for  lack  of  equipment  of  this  roadj 
that  the  mines  could  not  have  their  coal  transported. 

Grain,  etc, 

[Better  facilities  for  handling  grain  would  probably  stimulate 
36  production  and  shipment.    It  is  not  carried  in  bulk,  in  tha 
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cars,  and  elevators  are  unknown  in  the  south.  The  amount  ex* 
ported  from  Odessa  in  1879  was  22,000,000,  fell,  however,  to 
9,000,000  in  1880.  Nicolaief  shipped  about  the  same  as  Od^sa, 
making  the  total  from  these  porta  and  those  of  the  Sea  of  Azof 
over  90,000,000  of  bushels  for  1879.  The  country  is  capable  of 
producing  much  more  than  is  now  grown.  In  the  coal  fields  the 
peasants  have  so  much  land  at  their  disposal,  that  they  change 
the  portions  sown  from  year  to  year.  They  as  well  as  thoso  on 
the  north  shore  of  the  Sea  of  Azof  make  up  the  straw  and  manure 
into  bricks  which  are  dried  and  used  as  fuel,  none  of  it  conung 
on  the  fields.  This  is  the. case  even  on  estates,  on  which  coal 
mines  are  opened,  a  mile  or  two  from  the  villages.  The  imple^ 
ments  used  by  the  peasants  of  the  coal  fields  are  of  the  crudest 
kind,  but  made  with  skill.  The  ploughs,  some  of  whicli  require 
eight  oxen  to  draw  them,  are  made  entirely  of  wood^  with  the  ej- 
ception  of  the  ploughshare.  Their  wagons  have  no  iron,  not 
even  so  much  as  a  nail.  The  wheels  are  24  to  28  in,  in  diameter. 
The  rim  is  3  in.  wide  and  1}  in.  thick,  bent  into  shape,  the  ends 
butting  together  between  two  of  the  spokes,  without  any  connec- 
tion. The  hubs  are  light  and  16  in,  long.  The  peasants  prefer 
to  use  wood,  wherever  it  is  possible,  as  they  can  make  all  repairs 
themselves.  Near  the  Sea  of  Azof  they  seem  better  off,  their 
wagons,  at  least,  would  compare  favorably  with  those  used  in  the 
north  of  Germany. 

On  the  large  estates  improved  agricultural  machinery  has  been 
introduced,  such  as  reapers,  thrashing  machines  and  portable  en- 
gines, both  American  and  English.  At  Zuefka  in  the  coal  fields 
Mr.  Illovaisky,  whom  I  have  already  mentioned,  established  a 
foundry  and  machine  shop  on  his  estate ;  the  repairs  of  farming 
implements  and  construction  of  machinery  for  his  farm,  distil- 
lery and  coal  mines  being  sufficient  to  keep  a  number  of  me- 
chanics busy.  In  one  year  he  sowed  32,800  acres  of  land  in 
wheat. 

In  addition  to  the  careful  survey  and  exploration  of  the  Donetz 
coal  fields  by  Russian  engineers,  the  government  sunk  an  arte- 
sian well  near  Bakhmut,  a  station  on  the  Donetz  Railway,  lying 
27  miles  south-east  from  Slaviansk,  which  latter  place  had  long 
been  noted  for  its  saline  lakes.    At  a  depth  of  not  over  700  ft.  a 
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bed  of  pure  rock-salt  was  struck  and  tlie  drill  penetrated  through 
150  ft,  of  it  without  reaching  the  floor  of  the  deposit  Consider- 
ing the  liberality  of  the  government  in  making  these  investiga- 
tions and  the  favorable  conditions^  which  it  is  inclined  to  grant 
individuals  as  an  inducement  to  undertake  enterprises  which 
will  contribute  to  tlie  development  of  the  souths  it  is  difficult  to 
understand  why  it  should  have  refused  the  concession  for  a  pipe 
line  to  connect  the  Caspian  and  the  Black  Seas.  The  shores 
around  Baku  on  the  Caspian  Sea,  as  well  as  the  islands  opposite, 
are  said  to  abound  in  petroleum.  An  American^  who  owns  an 
oil  refinery  at  Taman,  near  the  Straights  of  Kertch,  proposed  to 
lay  a  pipe  line  from  Baku  to  Poti  on  the  Black  Sea-  The  dis- 
tance is  690  versts^  or  460  miles.  The  pass  at  Suram  in  the 
Pensat  Mountains,  M^hich  form  the  divide  between  the  two  seas, 
is  2191  ft.  high»  A  railway  now  crosses  it,  connecting  Tiflis  ^rith 
Poti,  The  American  asked  that  no  other  line  should  be  laid 
within  16|  miles  on  either  side  of  his.  The  concession  was  not 
granted  and  the  ports  of  tlie  Black  Sea  and  the  Mediterranean 
have  no  immediate  prospect  of  drawing  their  supply  of  coal  oil 
from  the  Caspian,  Groat  as  the  advantages  to  the  American 
capitalist  might  appear,  they  would  be  small  compared  with 
those  to  be  derived  by  the  Russians  themselves  by  such  an  enter- 
prise. The  tolls  could  be  fixed  and  the  security  asked  does  not 
seem  excessive  for  foreigner  in  an  undeveloped  country. 


APPENDIX  A, 

Coerr  OF  MiKUfG  oh  two  Veins  at  YAeiTtaiKovo.    Upper  Veoi  2i  ft.,  Lowee 

Vexjt  4  FT.  Thick. 

The  wag68^  upoa  which  the  rolloiring  esttttiaies  are  Imeed,  aret 

Coal  cutlere  aad  trammera,  indtiding  oil  fgr  lamp^      •  ^    *  11  per  dayv 

Fillers,           ,        ,        , D.96      " 

1st  foreuian  or  fftipenntendent,       ...»        *  B,  125  per  monthi 

Book-keeper,          .«.,....  4*5       *^ 

Foremao,        .        .        • 60       ** 

Etigiiicer, 25      " 

Siokera,           , 20       " 

Msscliinist^  for  repairs,    .**»*.,  42       ** 

Blacksmith  4ifid  helper,          .        ^        ,        ,        ,        p  45       " 

LaborerHf 15       *' 

Ti^atnslers, X5       " 

BHekJajer  aad  carpenter,  for  repaire,  *        ,        ,    ^w:la.^\  twi^i!s.^i  ^^- 
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For  a  prodaction  of  100,000  puds  (1613  tons)  p«r  nwnth  of  twentj-two  ikji,  from 
each  yein,  I  estimate  the  cost  of  the  cool  as  followA^ 

COST  PER  tOV  OF  COJlL 

Cutting  and  tramming^  wages  and  oil,      •        .        .  118*016  oop.  90.520  oa^ 

Hoisting  and  pomping, 31.930  "  3L930  " 

Timbering,       ........  16.864  "  10.292  " 

Wear  and  tear  of  machinerr  snd  buHaings     ,        ,  1Z&^  '*  12^58   " 

Teamsters  and  teams, 4d$0  ''              4M0  ** 

Incidental  expenses,         ....*.  6J00  "               6.200   " 

CostofgaUeries, 14.446  "  16.182  *" 

Screening,  etc.,  of  coal, 6.V44  "              044   ** 


213,218    "  170.9Sfl  " 

Average  for  both  yeins, 190,60^  <>o|>ecla 

1  saperiiitendenty  1  bookkeeper^  2  foremen,  watchmen,  and  office 

expenses, ,        .        .        ,  12,090      ** 

Gtoeral  expenses  for  1  chief  engineer,  1  ttsst^  do,,  2  bookkeepen;, 

8  derks,  goveniment  surveyor,  fielHiig  agent,  and  uffiee  ex-  <      .    «> 

penses,  divided  between  the  three  esUte«,  Yo^lehikovo,  Mi- 

khaTlovka  and  Volyntsevo,  far  a  production  of  350,000  pud» 

(5645  tons)  per  month,  , 18.414      " 

Totalcostof  1  tonofooalatthe  mine,         ,        .        .        >        .  227  J  06  " 

Transportation  on  narrow  guage  railwaj, 17.670  '^ 

Government  tax,          \ 6.200  ** 

Expenses  (charges)  at  Donetz  R.  R.  oflSce,           ....  1.240  " 

Cost  of  1  ton  of  coal  on  cars  of  Donetz  R.  R.,        .        .        .        .        252.216      " 

Or  a  little  over  2 J  rubles,  exclusive  of  royalty  to  owners  of  property  and  sinking 
fund  for  outlay  for  plant. 

For  a  production  of  twice  the  amount,  that  is,  fc^r  6452  tons  per  month,  or  293  tons 
per  day,  the  cost  would  be  about  2.08  rubles  per  ton,  and,  with  greater  development, 
working  several  seams  from  the  same  shaft,  rather  better  means  of  handling,  and  ap- 
plication of  improved  methods  of  haulage  (see  App.  B),  the  cost  could,  no  doubt,  be 
reduced  still  more.  But  a  greater  demand  for  labor  would  necessarily  increase  its 
price.  The  Russian  is  not  stupid,  and  would  soon  know  his  value.  At  present,  for 
instance,  the  cutters  and  trammers  receive  26.40  rubles  per  month  in  summer,  when 
there  is  work  to  be  found  elsewhere,  while  in  winter  they  are  paid  but  18  rubles  per 
month,  or  30  per  cent.  less.  The  work  is,  of  course,  done  by  contract,  but  at  the  above 
rates.  I  therefore  think  that  it  would  not  be  safe  to  count  on  producing  coal  for  less 
than  2.50  rubles  per  ton,  in  places  as  favorably  situated  as  Yastchikovo,  and  for  nar- 
rower veins  it  may  cost  even  more. 

Extract  from  Mr.  O.  J.  Heinrich's  report  on  the  Donetz  coal  fields  : 

This  Donetz  district  may,  with  regard  to  its  seams,  be  compared  with  those  of  simi- 
lar character  on  the  continent  of  Europe,  such  as  the  basins  at  Worms,  Ruhr,  Saar- 
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Lnicken  or  Monsj  and  some  of  the  FreneU  bnsiiw,  ind  from  auch  we  must  draw  our 
exp*ri**ncc  to  judge  of  ide  value  of  tlint  dlatrict.  To  give  tlie  f&irest  show  to  Lliose 
districts  in  Europe,  we  will  take  the  time  before  the  financial  msb,  say  1872,  in  re- 
gard to  amount  of  production. 

Wfirtnx  Bamn. — SO  seame  workable,  from  18  in.-3  feet,  dip  12*,  but  very  eteep  in  the 
Dorthem  part, 

Miihr  Batin. — First  series  of  seams,  near  the  bottom  of  the  coal  formation; — (Iflt) 
21  wnrkabJe  Beems  average  28  in, 

(2ud.)  or  centre  series  of  eeamBr— 26  workable  ioatni,  average  40i  in. 

{Srd.)  or  top  series  of  seams; — 29  seamsi  averaging  32  in, 

AH  seams  under  12  in.-18  in,  not  workable;  tbe  pitch  averages  from  40-60^,  and 
even  reaches  80^> 

hoar  Bminj  (Sbarfrrwdfeea,  W^tt^n  Section, — 157  seama;  84  not  workable;  the  work- 
able seams  mensure  from  36  in.-48§  in,,  average  of  84  seams,  38  in, 

EfiUi^fi  S^diortt. — 211  senms,  127  not  workable.  The  workable  seams,  84  m  all, 
measure  from  36 J  inMOl  b^  avertiging  42i  in.;  from  10*'-40^  pitch. 

Taking  a  iew  of  the  coal  districts  with  thicker  seams,  in  Germany,  we  have  the 

Zwickau  bnain  (Sajtony);  5  seams,  averaging  6i  feet,  the  largest  somtstimi,^  W  feet 

thick  f  from  horizontal  to  10°  and  15"^  pttchj  the  thicker  seams  often  mut'h  a  fleeted  by 

parting  slatefl  and  impurities, 

Waidenbutg  Basin. — ^31  seams,  of  which 

10  ieams  average  6  feet  \     „^„    ,    , 
jg     ,i  *t     33    a    /at  30°  pitch, 

Nieaiai  Butin, — 26  aeam«,  from  0|  to  7}  feel. 

Ziihrze  Mifsl^fwitz  jB«*m,— From  5|  to  19 J  feet,  at  fi--80*  pitch* 
The  productiou  of  these  fields  were  i 

BEiiOiUM  IN  1876. 
[M&ta  Bwtifif  180  works  produced  14,329,578  tons^  or  79,608  tons  per  work. 

Gekmany  is  1877, 

1.  TFbrmt. — 23  works  produced  582,832  tons,  or  25,340  tons  per  work, 

2.  RuXr  JBosia,— 373  works,  of  whieb,  in  Waitphalia,  148  works  produced  9,034,215 
tons,  or  61«042  tons  per  work, 

Mhein  pVoitiitft*,— 225  works  produced  14^430,965  tons,  or  64,137  tons  per  work, 

3.  StMir  ^ama.— Nearly  dU  Government  worka,  stauding  at  the  highest  grade  of 
penedion.    Kine  works  produced  4,680,716  tons,  or  620,080  tons  per  work, 

4.  Silttla. — 160  worka  produced  9,371,428  tons,  or  58,571  tons  jier  work. 

These  mines  are  very  difficult  to  work,  having  mucli  to  contend  with  Bpontaneous 
eombuiftlon^  and  a  great  deal  of  timbering. 

For  further  L^mparison,  I  add  the  production  of  Lucerne  oounty,  Pennsylvania,  in 
1878,  Here  52  breakers  produced  3,957,934  tonsj  or  76,114  tons  per  work  j  and,  as 
one  t>f  the  model  colleries  of  the  djiitrict,  I  give  that  of  2io,  I  Breaker,  Cross  Creek 
Cbllierv,  in  1879 :  1  breaker  2oOfiH  tons  in  263  days. 

The  total  increasie  of  production  in  Germany  has  been  from  5,108,284  tons  in  1350, 
to  12,347,828  tn  1860,  and  26,397,769  in  1870. 
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The  number  of  meti  employed,  and  the  amount  cd  mal  prodao^  by  one  nun  pr 
annum,  will  throw  additioiwl  light  upou  ihe  subject 

In  the  Mons  Bapin  (Belgium),      .        -        .        10^,543,  produced  132  tarn. 


68,602,  **  200 

22,903,  "  20* 

10,799,  "  211 

42,601,  "  220 

13,045,  "  313 


"    "  Worms   *'    (Gcritiuiij),    . 

«    "  Buhr      '*  '*        .      .        . 

"    "  Saar        "  "        -      .        • 

"    "  Zwickau*'  **        ,      .        . 

«    "  Sileeia    *'  "        ,      .        , 

"    *'  Luzerne  Co,^  Lehigb  Ba»tn,  Pa^ 

"    "  No.  1  Breaker,  Cross  Ci^ek  GoUiery,  471,         "        629    *' 

The  supply  of  coal  to  aid  muleriaUy  in  the  profitnble  results  of  the  enterprise  most 
form  a  large  and  irijportant  fnctor.  It  will,  iherefore,  hv  but  n^sonable  to  aim  it 
once  at  a  production  per  annum  In  proportion  to  auch  an  enterprise.  1»  therefore,  at 
the  outset  will  say  that  500,000  totm  per  annum  for  the  hrsl  period  of  time,  would  be 
a  minimum.  Of  course  a  prospective  increase  must  at  onoe  not  bo  lo«t  sight  of.  From 
Mr.  Yezin's  report  I  take,  as  a  sample,  the  Yiistchikovo  estate,  whieb,  aii>eonliDf  ta 
his  statements,  oomprig^^  3,190  lierm  at  a  prospective  yield  of  3,032  tons  per  amt,  to 
a  depth  of  350  feet,  or  a  total  yield  of  9,671,555  tons,  provided  that  auch  regularity 
has  been  really  proved  to  warrant  those  eiiifmntes.  At  the  present  time,,  to  u&e  m^- 
em  improvements  in  coal  mining  to  advantage,  a  yield  of  5Q0  toas  per  ?;haft  jilant 
per  day  is  considered  moderate.  Allowing,  on  account  of  the  many  Rtmsian  hoLidaje 
and  possible  stoppage  on  account  of  severe  winters,  260  working  days  a  year,  this 
would  give  a  prod  net  of  130,000  ton^  per  ihaft,  and  four  aueh  ahafts  plants  would 
produce  520,000  terns  per  aniiMoi, 

At  a  yield  of  3,032  tons  per  acre,  an  area  of  about  42.8  acres  coal  ground  would 
have  to  be  cut  per  annum,  and  a  linear  distance  per  annum  of  1,283  feet  main  road- 
ways to  be  kept  ahead  for  annual  supply.  Allowing  a  distance  of  one  mile  each  side 
of  the  shivft,  in  4.1  years  that  area  would  be  exhausted  and  a  sinking  to  a  lower  lift 
required.  This  lower  lift  to  700  feet  would  yield  7,133.7  tons  per  acre.  Accordingly, 
it  would  require  18.2  acres  per  annum  to  supply  the  production,  and  for  the  same  dis- 
tance from  the  shaft  it  would  require  9.4  years  more  to  exhaust  the  ground,  making 
in  all  13.5  years  for  the  use  of  the  shaft  plant  to  700  feet  depth. 

From  the  figures  given  by  Mr.  Vezin,  of  the  cost  of  working  in  Russia,  and  they 
appear  to  be  very  fair  in  regard  to  the  difficulties  necessitated  by  small  seams,  I 
would  hcHitate  to  put  the  cost  of  plant,  driving  entries  and  preparing  self-acting 
planes  to  deliver  the  coal  from  the  higher  lifts  to  the  main  roadways,  for  one  colliery 
of  500  tons  per  day,  at  less  than  : 

For  sinking  shaft,  putting  up  plant,  including  hoisting,  pumping  and 
ventilation  engines,  also  necessary  machinery  for  preparing  coal,    .         .  |75,000 

For  11,946  feet  main  road,  gangways  and  inclines  necessary  to  com- 
mence regular  production,  all  done  at  dead  expense  (the  coal  being  worth 
very  liltle  and  much  rock  work  to  go  through),  to'* cost  about,         .         .  21,000 

Total, ^6,000 

Incidental  expenses,  10  per  cent., 9,600 

Total, $105,600 

Or  for  4  collieries  of  that  kind, $422,400 
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To  earn'  on  mch  »  production^  at  an  overage  yield  of  167  tons  i»€r  man  per  imnojii» 
wiiu4i  is  a  fair  e^iin^ta  from  my  fonm^r  ^tiitisttc^,  allowing  only  260  working  days,  it 
would  j^uire  a  force  of  3,CH>0  met^  who  would  have  to  be  supplied  with  Louse^^  t'tc, 
whiehr  according  to  Mr*  Vezin's  figures^  at  |260  efteh,  ttllawing  1,000  houi^s,  includ- 
iDg  ftkmilleSj  would  add  $2o0,000.  Therefore,  with  all  other  improvements  uecL'isi^aryj 
|TOO,tK}0  to  f 7 -50,000  will  not  be  too  much.  Allowing  10  per  cmU  to  redeem  (he 
capital  in  ten  yeare,  and  allowing  for  reserve  and  6  [>er  cent,  legal  intereflt  upon  the 
capital,  IhLs  item  will  make  24c.  expense  per  ton  for  cosd< 

The  total  co«t  of  producing  cojvl  may  therefore  be  esli mated  : 

Vmt  <if  mining  coal,  as  estimatwl  by  H.  A,  Vezin,  ull  expenses  doe  to 
mining^  hieluding  lutKir^  mutcrinl,  officers^  mine  transportation,  etc.,  pt^^  ton 
of2.240  1UL,  (Ti)  2.50  rubles  (1  ruhle=|.51),  ,        .        .        ,        ,        .        $IM 

10  per  cent,  redeeming;  fund^  and  6  per  cent  interest  upon  investment  of 
$750,000  for  eoUeries,  fixttires,  buildings,  etc.,       ,.,*.,  ,24 

Rnyalty  per  ton,         .......«,,.  .15 

^Total  i>er  ton $1.67 


APPENDIX  B. 

HaULAOE   by    CHAlSii   AND   BY    WiEE  HoPE, 

The  improved  method  of  haulage^  referred  to  in  Appendix  A,  I  saw  in  uee  at  the 
von  der  Ifeydi  mine,  four  miles  from  Siutrbriicken,  in  the  south  of  Rhenitsh  I'rusaia, 
and  at  Msriemont,  near  Charleroi,  in  Belgium.  At  the  von  der  Heydt  mine  two 
iFystems  are  in  uise.  One  consists  in  tlie  use  of  wire  ropes  with  two  enginesi|  one  at 
each  end  of  the  road  ;  I  he  other  in  an  endless  chaia  drawn  by  one  stationary  engine* 
There  arc  two  roads  with  wire  ropesi,  one  5^709  ft.  long,  wtth  ropes  |  in.  (15  njra.) 
diameter,  the  other  12,3(38  (t,  long,  with  ropea  of  J  in,  (18  mm,)  diameter.  When 
one  engine  is  hauling  the  trtdn^  the  one  at  the  other  end  unwinds  by  letting  its  druxn 
run  loooe  with  the  break  i^Ughtly  set,  so  as  to  give  its  ro|>e,  which  now  aci*  as  tail- 
rojie,  enough  tension  to  prevent  ita  dragging  on  the  intervening  ground  between  the 
pollers.  The  tracks  have  tiiiitiy  curvesj  in  the  adita,  levels  and  crosscuts,  in  which 
ther  are  laid.  The  wire  rofvcs  are  of  ehorcoal  iron,  the  rollers  of  cast  iron,  and  these 
latter  are  set  inclined  in  the  curves  to  prevent  the  ropes  from  jumping  out  The 
train,  which  consists  of  100  cars  coupletl  together,  each  cur  holding  j  ton  of  coal,  is 
drawn  at  a  velocity  of  8  to  llj  ft,  per  secxjnd,  or  6M  to  7.3  miles  per  hour*  To  each 
end  of  a  train  is  coupled  an  iron  guide  car  with  a  device  to  guide  the  roiie  on  the 
roJlers,  which  device  is  only  in  use  on  ihe  cut-  at  the  rear  of  the  train*  If  the  loadt^l 
cars  are  brought  to  the  end  of  the  truck  in  the  mine  without  delay,  and  they  are  un- 
loeuled  promptly  at  the  other  end,  25  trains,  carrying  1250  ions  of  coal,  can  he  hauled 


IfoTE.— Tb«  roport*  eoaiultod  (hb  rdfriired  ta  nhovn)  *x^  the  following: 

1.  D«ir  Aiil:hr«Ekb«rghtia  \m  lAEiite  du  Doa*i«li«D  Beepeft,  tdq  lk<#b«jij.  Pt'TUS.  Zeiitch.  fu€T 
Serff^,  Hv4tt.  itnd  Salinen.,  IHTS. 
S;  Die  haigo  de»  SUtiakohlt^abergbaiiftfl.  \m  L  Bettrk  deA  Weatlidhflu  Thftllea  den  Don^tK  OobM^t, 

^  ]>!«  Klnvrjiliich&txi.'  dtft  euruplkticbep  EoAil^ilB,    Berg,  u.  Butti.  Ztitunff,  1S80. 

All  tiatlcttct  lyre  Ulceti  from  GovBraffleat  Eflport*  publl«b«d  la  th^  sboTu  jtiuraiLli.,       Q*  J,  H, 
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oat  in  10  working  hours  on  the  ilmrter  line,  and  15  tnunn,  or  750  toi^  on  the  longer 
one.  A  conductor  accompanieB  e^ch  train.  The  Ic^eU  and  adil^s  posei^d  tlimngh,  mt 
provided  with  a  telegraph  cahic,  in  which  at  every  1000  (i.  an  appfimtiM  ibr  hrmkmg 
the  circuit  is  inserted.  By  pulling  Ttgofx^tisly  at  the  cable^  the  conductor  can  tmii- 
mit  signals,  even  when  the  train  k  running  at  itiU  tipeed,  Tbe^e  roadij  have  lieea  m 
operation  for  20  years.  Upon  the  arrival  of  n  train  at  the  mouth  of  the  adit,  the  am 
are  pushed  singly  under  the  chains  of  two  chain  tram  way  fi.  The  length  of  vach  of 
these  is  1738  ft.,  and  each  haa  a  curve  of  479  fl.  raditifl,  forming  an  &rr  of  t68^^ 
Sharper  curves  cannot  he  passed  witiioiit  releasing  the  car  from  the  chain,  as  de- 
scribed below.  The  cars  are  placed  at  intervals  of  abtmt  50  ft.  a.D<l  lerve  as  anpportt 
for  the  chain,  rendering  rollers  between  the  raib  of  the  tracks  unneceH«iiry.  The 
chain  rests  in  forks  which  are  riveted  to  on^  end  of  each  car.  These  roadn  have  beea 
in  use  since  1872.  The  iron  of  the  chains  waa  orighially  f  in.  (ID  mm«)  in  diameter, 
and  has  been  worn  down  to  }  in,  [8  mm.). 

The  principal  chain  tramway  h  in  the  Bnrbach  adit,  and  delivers  the  ci>al  lo  the 
same  shipping  point  as  those  describe  above.  The  cars  are  hauled  by  horae^i  to  th« 
underground  terminus.  The  length  of  the  road  is  5773  ft.,  consisting  of  two  straight 
lines  connected  by  a  curve  of  8L4  ft  radius,  forming  ati  arc  of  lOS'^.  To  pas&  this 
curve  the  chain  draws  the  cars  up  an  incIlnCf  beyond  the  summit  of  which  it  pa^^i 
around  a  guide  pulley  placed  so  high  as  to  release  the  cars.  This  point  of  release  li 
the  beginning  of  the  curve,  laid  on  a  gJ^Je,  down  which  the  cars  run  by  gravity  to 
take  their  places  automatically  under  the  chain  in  the  new  direction.  The  car»  v« 
about  50  ft.  apart,  as  in  the  former  c^ase,  eo  that  80  to  S5  loaded  ones  ttnd  the  same 
number  of  returning  empty  ones  are  always  under  the  cfiain.  It  rests  on  tlie  co4l  otr 
on  the  edge  of  the  car,  its  weight  being  safficlent  to  prevent  slipping,  so  th^^*  t-n-k^ 
are  unnecessary.  Each  car  holds  J  ton.  This  tramway,  when  I  saw  it  in  October, 
1880,  had  been  working  uninterruptedly  since  September,  1874,  with  a  capacity  of 
400  to  500  tons  in  10  working  hours.  It  could  easily,  at  its  regular  speed  of  4.1  ft 
per  second  or  2.8  miles  per  hour,  deliver  1250  tons  in  the  same  time.  The  chain  is 
made  of  iron  ^  in.  (20  mm.)  in  diameter.  The  inside  length  of  each  link,  or  the 
pitch  of  tlie  cliain,  is  3  in.  (76  mm.).  The  chain  is  wound  1 J  times  around  the  driv- 
ing drum,  which  is  covered  with  wood  with  a  conical  hollowed  surface,  on  which  the 
chain  slips  sideways  as  it  is  wound  on  the  one  side  and  off  on  the  other.  This 
wooden  lagging  costs  $25.00,  and  lasts  over  a  year  befoVe  having  to  be  turned  off 
The  original  lagging  (of  oak)  was  still  in  use  when  I  saw  it.  A  cast  iron  chain 
wheel  sleeve  would  cost  $75.00  to  $100.00  and  wear  out  in  four  months,  and  would 
have  the  objection  that  its  teeth  would  not  accommodate  themselves  to  the  increased 
length  of  links  or  pitch  resulting  from  wear.  The  grain  of  the  wood  is  not  placed 
radially,  as  it  would  become  too  smooth,  but  as  nearly  as  possible  with  the  circum- 
ference. The  chain  showed  very  slight  signs  of  wear.  It  sustains  a  tension  of  2  tons. 
The  driving  engine,  placed  near  the  mouth  of  the  adit,  is  connected  with  the  drum 
by  gearing,  and  is  said  to  work  with  7  indicated  horse-power.  The  drum  is  4  to  5  ft 
in  diameter.  The  same  method  of  driving  is  used  on  the  two  short  tramways.  At 
the  Burbach  adit  tramway  the  cars,  just  before  being  released,  are  drawn  up  a  slight 
incline  and  then  run  by  gravity  down  a  short  curve  and  over  a  bridge  to  the  shipping 
point. 

The  roads  with  wire  rope,  as  well  as  those  with  chains,  are  horizontal.    The  chief 
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engifieer  mtsured  me  tbnt  tliere  wouH  be  no  diffienlty  in  overraming  j^rades  of  14*^  tcj 
J5*  (25  ft  tfl  26.8  ft,  per  lOOj  without  the  u^e  nf  forks  un  the  cai^,  though  it  might  be 
nc^cs^arjr  to  butve  the  clxain  rather  heavier  Ihiin  the  |  in.  one. 

Total  Cost  of  Kai  lincj  pek  Ton  fkh  1000  Feet. 
By  horsed,  1,5  eta. 


Tmb, 

T*i«WAT8  wrrn  Wiblk  Bore- 

Tmamwati*  wmt  CMAiita. 

Leogtb,  Sjm  a 

Lebgtb,  13.S«e  ft. 

Uurbaeb  ft4it}. 

bftel«a,  t«Jk«, 

hftiil«4»  loot. 

Cont 

Cwt  1  Aint«reoiil 

Cott 

Ii7» 

0.37 

ft87,M7 

0.71 

Tlial  Is  to  say,  hmilin^  wtth  borse«  would  hare  cmt  7  lim«s  aa  much  in  tht;  Btir- 
b»rh  ddit  iii»  tt  did  by  chain  in  1879- 

At  Muneniont,  on  the  two  properties  Mnriemontand  Bascoiipi  both  under  tbe»ani« 
mart  iigom  en  t,  chain  trumways  (Iniinngw  tuMmniquea)  ure  used:  those  on  the  surfii^e. 
for  the  purpose  of  connecting  all  ihe  shsiftH  of  one  property  with  its  cenira!  mhipping 
potni,  and  those  underground  Instead  of  harses,  Blnifta  tluit  ar<j  prtictlcAily  inaccea»ible 
by  railways  ure  tha«^  etmbled  to  ftiilp  their  eoal  virtuiilly  ns  ch^e^ply  as  tlioiiti  favorably 
9ilUHled,  The  ebain^t,  yarying  froui  |  in.  to  1|  in.  (IG  mm.  to  2S  mm.),  ncoording  to 
the  strain  to  which  thoy  are  Btibjeetetl^  re^jt  in  forks,  wtddi  ure  riveted  to  the  front 
end  of  esicb  car.  The  tracks  (2  ft.  gaugt?)  run  up  and  down  hill  vvjlh  majtinium 
gradt^  of  ^0  ft.  to  the  IQO.  Tiie  driving  wheels  for  the  ehaiua  dijfer  from  tho»e  Ht 
the  von  der  Oeydt  mine.  Instead  of  the  wooden  drum,  u  dbk  is  used  of  ubout  2  ft. 
t4i  2k  ft,  diameter,  carrying  folks  that  seize  the  cJisin.  These  forks  are  of  iron  or 
Hteel  and  form  the  h<Md9  of  h'ng,  heavy  HcrewH  lying  rstdJulIy  in  the  diak.  As  the 
length  of  the  dmin  inoreaie&  in  eons<?(tueoee  of  we;ir^  these  forkia  nre  screwetl  out  as 
many  half  tnmfl  a»  are  neeeatary  to  give  the  wiieet  the  proper  piicli*  Whenei^er  tlie 
I'hnin  bect^mcfl  80  long  as  to  drag  on  llie  ground  between  cart>  50  h.  apnrt,  it  is  short- 
eueii.  TJie  Maricraont  prrt^ierty,  with  an  annual  pnrthiction  of  iiOii,000  tons,  ha'*  fix 
lon;e  shttfls  connected  by  tramways  witli  the  shipping  point,  which  i»  ut^ar  one  of 
them.  The  total  length  of  the  tram w ay h  on  the  surface  is  17^187  ft.,  and  under* 
ground  18^452  ft.  The  longest  single  one  on  the  siiirftice,  3,904  ft.  in  length,  tranflniiiu 
the  product  of  its  own  shaft  and  that  of  two  otliers,  one  of  whlcJi  Is  <>,92.*!  ft*  from  the 
fthipptng  point.  At  the  point  of  tramifer  the  courts  are  guided  by  band  from  one  chain 
Ut  the  iither. 

The  IG  workable  vein 9  vary  from  14  to  39  in.  in  thickness,  and  are  worked  At 
deptlis  of  from  1017  to  10S9  ft. 

The  properly  of  n^e^eoup  han  8.694  ft«  of  chalu  tramway  a  on  the  surfuee  and  16,405 
ft.  underground.     There  are  19  veins,  varying  from  lo  in.  to  67  in.  in  ihiekaesS}  and 
worked  at  depths  of  from  t^M  to  2001  ft 
voih  u.— 17, 
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The  chains  on  the  surface 'roads  are  driven  by  stationary  engines;  those  under- 
ground by:  (1)  underground  engines,  (2)  engines  above  ground  with  transmission  of 
power  by  wire  rope,  and  (3)  by  the  surplus  power  of  inclined  planes  undeigroand, 
the  power  of  the  descending  loaded  cars  being  much  more  than  sufficient  to  hoist  the 
empty  ones.  In  one  ca^e  I  saw  such  an  incline  working  two  horizontal  chain  roads, 
each  of  500  h.  in  length.  In  another  the  loaded  cars  are  drawn  from  the  bottom  of  a 
small  basin  over  a  saddle  and  then  descend  a  slope,  the  upper  portion  of  which  has 
an  inclination  of  28°,  which  changes  in  the  middle  portion  to  22^  and  in  the  lower 
part  to  14°.  At  eiich  of  the  points,  where  the  change  of  inclination  takes  place,  a 
weighted  roller  prevents  the  chain  leaving  the  fork,  and  is  raised  about  an  inch  as 
the  car  passes  undei*  it.    The  roads  have  no  curves. 

The  coal  is  loaded  in  the  cars,  where  it  is  cut,  and  transported  in  them  to  the  ship- 
ping point,  where  it  is  dumped  upon  movable  screens  (Briart's  system)  and  loaded 
into  railway  cars,  the  larger  sizes  undergoing  picking  on  revolving  sorting-tables.  A 
description  by  Mr.  Wetekamp  of  the  methods  of  mining,  man  engines,  pumping  en- 
gines, tramways  and  machines  for  loading  lump  coal  gently  to  prevent  breaking  it, 
may  be  found  in  Vol.  XXIX  of  Zeitachrift  fur  Berg-  HuetUn-  und  Salmennen  (1881). 
When  in  Mariemont,  in  January  of  this  year,  I  was  told  that  a  pamphlet  with  illus- 
trations was  to  be  issued,  giving  descriptions  of  the  mines  and  their  mechanical 
devices,  the  results  of  work,  cost,  etc.,  but  I  think  it  has  not  yet  appeared. 


APJ>END1X    C. 
Production  of  Coal  in  the  Donetz  Basin  in  1879. 
From  the  report  of  a  meeting  of  owners  of  coal  mines,  held  at  NovotcherkasL 

1  ton=62  puds. 

Tlie  second  and  tliird  columns  give  the  quantities  of  coal  at  the  mines  and  stations 
awaiting  transj)ortation  on  Sept.  1.  In  consequence  of  the  constant  complaints  of 
mine  ownci*s,  tiiat  they  could  not  obtain  sufficient  transportation  for  tlieir  coal,  and 
tlic  rei)ly  of  the  railway  companies  that  the  necessary  means  were  alwayn  ready,  but 
that  the  mines  could  not  produce  more  coal  than  was  then  brought  to  tiie  markets, 
the  !\.ssociation  of  mine  owners  ordered  a  report  to  be  made  of  all  accumulations  on 
liand  on  a  certain  da  v. 


Names  of  Kailways  near  which  tlie  mines  are|     ^^  1^79°'* 


Kui8k-]\li;nkott-Az.)H"  K.  K.,  1«   miuo» 
Constiiiitiiie  11.  R..  iD  uunt's     .... 
Douelz  K.  K.,  ueMtcrn  part,  4')  mines     , 

'•  "         OiKCfVu  pari,  ;U  niiucs. 

Ko.slovo-Voronej-KuHtotl  K.  U.,  17  mine* 

Total  for  K.  Ks.  of  Donetz  Basin,  128  mines. 


2«M.(SM.S.') 
4:i2,4lS.4 
i;>s..")4S.4 


On  hand  Sept.  1.  1879.  ,  K^timaied 
at  the  at  the  K.  R.  productioQ 
mines,  nuition.     ,     foriSkSO. 

Ton.s.  Tons.       1        Tons. 


22,.>(H).0 
43,;t«>«..^ 
4.>,809.7 
46, 871. ( 


l,03b,7O9.7i        2l;{..l>2o.l 


9.i,«>»X).0  411.2JKI.3 

2.S,;?87.1  6i'»,.'yJ6.j 

24,.>9«>.8  T5;i,871.i> 

2l,112.y  3N,i.m,5.2 

I  6.<7.0J>t5.: 


lt>4,m>6.i>      2,8xi8,7tJ9.7 


NoTi:— Of  tiie  12.8  mines  in  the  Douetz  Ba«in,  110  were  producers  in  1879  ;  76  had  coal  accumu- 
lated Hi  tlie  miMf.s  and  of  these  49  had  also  accumuIation.s  at  the  K.  R.  statiwus  on  .September!, 
1879,  awaiting  trauHj)ortalion. 

Estimate  of  Consumption  of  Donetz  Coal  in  1880. 
The  figures  are  furnished  by  the  consumers.     The  government  prescribes  that  the 
requisitions  of  consumers  shall  be  lilled   in  the  following  order:    first,  railroads; 
second,  sugar  houses  and  sugar  refineries;  third,  factories,  mills,  machine  shops;  and 
fourth,  public  works  and  private  individuals. 


^■pp 


■f^ejHf^t?  (ii<iip.(!W.jiiM  ii..ii»i«  . 


Phila.,  1881,  II,  3.]       Vetin — Journey  in  Soxtthem  Bustia. 


265 


RaHroaxis: 

Including  the  Kursk-Kief  and 

Moscow  -  Kursk,   11    in  all;    of 

these,  4  require,  of  anthracite  145,161.3  tons. 

and  all  the  11,  of  bituminous,     .        397,983.9    " 

Sugar-houses  and    sugar-refineries: 
In   the  Fastof   region,  15  con- 
sumers,        66,129.0  tons. 

In  the  Soumy  r^ion,   14  con- 
sumers,         66129.0    " 

In  the  Azof  region,  2  consumers,  11,290.3    " 

Manufa/AureSy  MiUsy  Maehme  Shops,  &c  : 

(a)  In  Kharkof  and  along  the  K.  K. 

Azof  R.  B.,  21  consumers,       .   .  28,629.9  tons. 

(b)  On  the  line  of  Lozovo-Sevastopol 

B.  B.,  19  consumers,  .        .        .  16,129.0    " 

(e)  Line  of  Khaf  kof-Nicolaef  B.  B., 

12  consumers, 18,629.0    " 

(d)  Line  of  Moscow-Kursk  B.  B., 
*City  of  Moscow:    bituminous, 

64,516.1 ;  anthracite,  16,129.0,  80,645.1     " 

(e)  Line  of  Kursk-Kief  B.  B.,  3  con- 
sumers in  Kief,  including  1  sugar 

refinery, 11,290.3    " 

Total  for  manufactures,  mills,  ma- 
chine shops,  &c,. 

Public  Works,  Private  Consumers  : 

Gas  works  at  Kharkof,  Taganrog 

and  Bostof,  ....  9,677.4  tons. 

Waterworks  in  Kharkof  and  Ekateri- 

noslaf, 2,419.3     " 

Steamers  on  the  Dnieper,  Volga,  Don 

and  Black  Sea,  6  consumers,       .  35,483.9    " 

Navy-yard   in  Nicolaef,   bituminous, 

8,064.5;  anthracite,  16,129.0,      .  24,193.5    " 

Grovernment  rifle  factories  in  Tula 
and  Biejetzk,  bituminous,  11,- 
290.3;  anthracite,  8,064.5,  .        .  19,354.8    " 

Private  individuals  in  15  large  towns 
and  other  small  ones  both  bitu- 
minous and  anthracite,        .        •        517,741.9    " 

Total 


543,145.2  tons. 


143,548-3    " 


155,322.4    « 


608,870.8    " 


.     1,450,886.7  tons. 


*  The  actaai  wants  of  factories,  mills  and  machine  shops  in  the  city  of  Moscow  are  e8tiuiat«4 
At  1,096,774  tons. 
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APPENDIX  D. 

The  following  analyaa  were  made  by  Dr.  F.  A,  Oenlh,  of  ike  University  (^  Pemus^tama: 
Samples  of  Ores  from  Krivoi  Bog. 

No.  1. — Most  of  the  pieces  were  a  compact,  more  or  less  hjdrated  hematite.  Yisi- 
Ue  width  of  vein,  10  ft. 

No.  3a. — Compact,  red  and  reddish  black,  slightly  magnetic  hematite,  also  some 
slaty  hematite.    Samples  3  and  3a  represent  60  ft.  in  length  on  the  same  vein.  » 

'No.  4. — Reddish  iron-black,  somewhat  laminated,  slighly  porous  hematite.  Samide 
was  taken  from  pieces  of  "float''  over  a  width  of  60  ft,  the  outcrop  not  being  visible. 

No.  5. — Purplish-red,  somewhat  porous  laminated  hematite.  From  a  vein  showing 
10  ft.  in  thickness  exposed. 

No.  6a. — Yellowish-brown  and  brown,  somewhat  siliceous,  more  or  less  porous  li- 
monite.    From  16  ft.  in  width  of  same  vein  as  No.  6  taken  from  float  on  outcrop. 

Samples  I,  3a,  4,  5,  and  6a,  contained : 


From 

To 

Arenife. 

Ferric  oxide, 

96,111  per  cent. 

72.924  per  cent. 

85.940  per  cent 

Ferrous     " 

1.221       « 

2.867       " 

2.134      « 

Manganic  " 

0.041       "      . 

0.103       " 

0.078      « 

Alumina, 

0.138       " 

1.563       " 

0.960      « 

Magnesia, 

0.043       « 

0.100       " 

0.070      " 

Lime, 

trace 

1.410       " 

0.608      « 

Titanic  acid, 

none 

0.120       " 

0.032      ** 

Phosplioric  acid, 

0.064       " 

0.421       " 

0.205       " 

Silicic 

1.490       " 

13.140       " 

6.344       " 

Sulphur, 

none 

0.037       " 

0.014       " 

Wuter, 

0.960       " 

8.920       " 

3.840       " 

100.115      ** 

Metallic  iron, 

53,194       " 

68.228       '' 

61.818       " 

Phosphorus, 

0.028 

0.184       " 

0.089       " 

No.  2. — Compact,  somewhat  cavernous,  slightly  hydrated  hematite.  Sample  taken 
from  a  visible  width  of  40  ft. 

No.  8. — Comi)act,  somewhat  slaty  hematite.  10  ft.  in  width  of  vein  visible  where 
sample  was  taken. 

No.  (]. — A  siliceous,  yellowish-l)rown  limonite,  with  a  considerable  admixture  of 
quartz.     Sample  from  40  ft.  in  width  of  a  vein  that  is  said  to  be  700  ft.  thick. 

No.  7. — Brown  porous  limonite.  Sample  of  across  30  ft.  on  the  surface  of  a  vein  to 
the  north  of  No.  6.     Principally  float. 

No.  8a. — Fine  scaly  laminated  hematite.  On  Inguletz  River,  opposite  Helmersen's 
mill.  The  ore  here  forms  a  steep  clifl^.  The  sample  was  taken  across  20  ft,  of  the 
vein,  which  contain  4  or  5  ft.  of  intercalations. 

No.  81).— Similar  to  8a  but  more  siliceous.     Sample  of  the  4  or  5  ft.  of  intercala- 
tions contained  in  the  20  ft.  of  vein,  sample  8a. 
'  Samples  2,  3,  6,  7  and  8a  contained : 


lpapiip|Hi^ip»jiii-ii:^i»i 


Phila.,  1881, 11,  3.]       Venn — Journey  in  Southern  Bussia. 


267 


Metallic  iron, 
Silicic  acid, 
Phospborua, 


From 


45.265  per  cent. 
28.080       " 
0.005       " 


To 


36.179  per  cent. 
44.730     -" 
0.127       " 


Sample  Sb 
eontalned : 


37.500  per  cent 
45.790   " 
0.003   " 


Samples  of  Orbs  from  Eorsak  Moqila. 

No.  51.— Sample  No.  1. 

The  sample  consisted  of  three  kinds  of  ore,  viz. :  a  friable  granular,  highly  magnetic, 
black  ore ;  a  more  compact,  shining,  brownish-black,  magnetic  ore,  mixed  with  limo- 
nite;  and  compact  hematite.    The  whole  sample,  reduced  to  powder,  contained: 

Ferric  oxide, 79.296  per  cent 

Ferrous     "  15.718       " 

Manganic"  0.093       " 

Alumina. 0.967       " 

Magnesia,       ........  0.598       " 

Lime 0.280       " 

Titanic  acid, 0.060       *' 

Phosphoric  acid,     .        .        .        .        .        .        .  0.043       "  ' 

Silicic  acid, 1.200      " 

Sulphur, 0.059       " 

Water, 2.200      " 


Metallic  iron, 
Phosphorus, 


100.514       " 

67.732       " 

0-019       " 


No.  52.— Sample  No.  2. 


Mostly  a  granular,  black,  highly  magnetic  ore,  mixed  with  limonite,  also  some 
more  compact  ore.    The  whole  sample  gave,  on  analysis : 

Ferric  oxide, 82.855  per  cent 

Ferrous     "             , 10.195  " 

Manganic"             0.093  " 

Alumina, 1.452  " 

Magnesia, .  0.389  " 

Lime, 0.570  " 

Titanic  acid, 0.080  " 

Phosphoric  acid, 0.015  " 

Silicic  acid, 2.050  " 

Sulphur, ()ill8  " 

Water, 2.640  " 


100.457 

MetalKciron, 65.928 

Phosphorus, 0.007 
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APPENDIX   E. 
Wages  and  Cost  of  Liyino  at  Lugansk  in  1880. 

The  day's  labor  is  10  hours  actual  wori.  For  Sundays  and  holidays  50  per  cent 
extra  is  paid.  Most  establishments  post  a  list  of  those  of  the  100  annual  holidajs 
for  which  they  agree  to  pay  extra.  The  manager  of  the  Lugansk  Works  gi?es  the 
total  number  of  ordinary  working  days  in  the  year  at  275. 

Wages. — Laborers,  40  copeks  per  day. 

Mechanics,  0.60  to  1.50  rubles  per  day.  By  piece  work  they  sometimes  earn  as 
much  as  3  rubles  per  day. 

•    Moulders,  0.80  to  1.60  rubles  per  day.    They  usually  work  by  the  piece,  in  whicfc 
case  they  may  earn  as  much  as  3  rubles  per  day. 

Blacksmiths,  0.75  to  1.20  rubles  per  day. 

Helpers,  0.50  to  0.60  rubles  per  day. 

Patternmakers,  1.50  rubles  per  day. 

Carpenters,  0.75  rubles  per  day. 

Engineers,  25  rubles  per  month. 

Stokers,  15  to  18  rubles  per  month. 

At  the  Iron  Works  at  Sulin,  12  miles  northwest  from  Grushetka,  the  engineers  of 
the  blowing  engine  receive  each  55  rubles  per  month,  with  fuel  and  quarters  (two 
rooms).  No  allowance  made  for  Sundays  or  holidays.  These  men  erected  all  the 
machinery  themselyes.  They  came  from  Lugansk.  Their  work  was  as  good  as  if 
done  by  the  machinists,  whom  the  builders  of  the  engines  proposed  sending  to  erect 

Co9i  of  Living. — The  workmen  generally  own  their  own  houses,  which  are  roomy 
and  comfortable,  and  cost  300  to  500  rubles  each. 

Each  house  is  taxed  40  to  60  copeks  per  annum,  the  village  tax. 

Furniture  for  such  a  house  cost«  about  40  rubles,  i.  e.,  2  beds,  6  chairs,  1  table,  1 
sofa,  and  the  kitchen  utensils  and  furniture,  including  a  few  chests,  all  of  simple 
pattern. 

Cost  of  Provisv)ns. — A  family  consisting  of  husband,  wife,  and  two  children  can 
purchase  the  necessary  food  for  50  coi>eks  per  day. 

Meat,  8  copeks  per  lb. 

Rye  flour,  1.80  rubles  per  pud  (=  36  lbs.). 

Wheat  flour,  2.40  rubles  per  pud. 

Potatoes,  0.70  to  1.50  rubles  per  60  lbs.  (U  puds). 

Sugar,  7.60  rubles  per  pud,  19  copeks  per  lb. 

Tea,  1  to  2  rubles  per  lb. 

Cuflee,  0.50  to  0.70  rubles  per  lb. 

Butter,  10  to  12  rubles  per  pud,  25  to  30  copeks  per  lb. 

Sweet  oil,  6  to  8  rubles  per  pud,  30  to  40  copeks  per  quart. 

Board  for  an  unmarried  man  in  a  family,  12  rubles  {^er  month.  Bedding  sometimes 
furnished. 

VVlien  10  or  12  workmen  mess  together,  board,  including  rent,  costs  them  7  to  8 
rubles  per  month  per  man,  tlie  men  finding  their  own  bedding. 

Rent,  on  an  average  for  an  unmarrieil  man,  3  rubles  per  month. 
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WIRE  ROPES. 

Bf  Db,  H.  M,  Chakck,  Member  of  the  Club* 
Bead  AprU  2d,  1S31. 

Iron  Wire  Ropes  were  first  successfully  used  in  the  mining  re- 
gion  of  the  Hartz  about  the  year  1836. 

Tlie  advantages  of  iron  or  sted  wire  over  herap  ropes  wore 
tlioroughly  proven  as  early  as  1837-1840,  but  they  were  not  ex- 
tensively used  until  some  years  later. 

These  ad  vantages  are: 

1,  Greater  durability. 

2,  Less  weight  for  equal  strength. 

3,  Reduced  cost  per  ton  of  material  raised. 
The  same  essential  advantages  ean  also  be  claimed  for  wire 

ropes  over  chains  or  flat  bands  of  iron  or  steeL 

A  series  of  figures  given  by  Taylor, — **StatiBties  of  Coal/' — 
show  that  the  cost  per  ton  of  material  raised  with  liemp  rope  is 
about  three  times  that  of  wire  rope :  the  data  furnij^bed  show  an 
average  cost  of  1.30  cts.  per  ton  in  the  former  and  only  .36  cts. 
in  the  latter  case.  These  figures  apply  to  shaft  collieries  only» — 
in  slope  collieries  the  difference  would  be  greatly  increased  by 
frictional  wear  on  the  bearing  pulleys* 

In  our  anthracite  mining  regions  the  coat  of  rope  per  ton  of 
material  raised  is  subject  to  great  variations^  depending, 

let.  Upon  the  depth, 

2d.  The  working  load,  and 

3d.  Upon  the  diameter  of  sheaves,  drums  and  pulleys. 

The  following  table  shows  the  tonnage  raised  by  twenty-three 
wire  ropes  used  at  eleven  different  slopes  on  dips  ranging  from 
fifteen  to  sixty  degrees;  and  the  tonnage  of  six  ropes  at  three 
shaft  collieries.  Nearly  all  of  these  ropes  were  made  by  the 
Roebling  company  ;  are  of  seven  strands  of  nineteen  wires  each, 
and  were  in  use  at  some  period  from  1875-1880. 

The  first  cost  of  the  ropes  is  calculated  from  Roebling'S  price 
list  for  October^  ISSO. 
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The  cost  per  ton  per  hundred  feet  of  lift  is  seen  to  vary  be- 
tween .029  and  .161  cents,  but  the  latter  figure  is  doubtless  ex- 
ceptional,— the  rope  was  either  of  inferior  quality,  was  removed 
some  time  before  it  was  worn  out,  or  was  run  over  small  sheaves 
or  knuckle  pulleys. 

The  averages  and  totals  may  be  considered  as  a  close  approxi- 
mation to  the  actual  cost  and  average  tonnage. 

In  the  second  table  the  cost  at  shafts  per  lift  of  one  hundred 
feet  is  shown  to  be  .053  cents,  equivalent  to  .38  cents  per  ton  of 
material  raised  to  the  surface, — a  most  retnarkable  agreement 
with  Taylor's  figures  (.36)  above  cited. 
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8SJln 

177.450 

0,03 

u.oag 

2 

2 

ir' 

6S5' 

IWZ 

117JS0 

244,300 

0.32 

D.ora 

3 

2 

ly. 

5U0' 

350 

86,222 

172,445 

0.20 

0.041 

AviT 

\^t^ 

and  To 

1:lIs,     0 

687^ 

^2,222 

97,370 

584,255 

0,38 

0.053 

Comparing  tlie  cost  in  shafts  and  slopes  we  find  they  appar- 
ently stand  as  .053  to  .009  cents  per  100  feet  of  lift,— but  it  must 
be  remembered  that  tlie  slope  lift^  are  slope  measurements,  not 
vertical  lifts,  the  actual  cost  per  100  feet  of  vertical  lift  will  there- 
fore be  mucli  greater  than  .009  cts.  If  the  slope  angles  average 
thirty  degrees,  this  figure  beconies  .000x2=^.138  cents  per  ton 
for  each  hundred  feet  of  vertical  lift  that  will  cost  but  .053  cents 
at  a  shaft  colliery. 
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In  these  tables  the  cost  has  been  estimated  by  the  actnal  (onnage 
(exdusive  of  the  weight  of  the  mine  cars)  raised-  The  coal  raised 
does  not  exceed  two-thirds  of  this  amountj  but  the  value  of  the 
diseiirded  rope,  estimated  at  one-third  its  cost  has  been  conBidered 
an  equal  offset,  and  the  figures  given  may»  therefore,  be  taken  as 
the  average  cost  per  ton  of  merchaiitabk  coal. 

Assuming  the  above  average  figures  of  cost  per  ton  at  slope 
and  shaft  coUieries  to  represent  tlie  rafio  of  wmi\ — i.e,  13S:53,^ — 
we  have  a  means  of  approximately  determining  the  relative 
amount  of  wear  due  to  slieaves  and  drums  and  to  knuckle  and 
bearing  pulleys.  Assuming  an  equal  wear  per  ton  per  vertical 
lift  of  one  hundred  feet  at  both  shaft  and  slope  eolUeries,  we  have 
at  slope  collieries  (135-53)=85:53  as  the  ratio  between  the  wear 
on  the  slope  and  that  on  the  drum  and  sheaves,  being  Ul  and  39 
per  cent  respectively. 

Tlie  wear  on  bearing  pulleys  in  a  slope  is  a  true  rolling  fric- 
tion {wlien  the  pulleys  are  in  good  order)  and  can  be  lessened 
only  by  proper  attention  to  tlie  condition  of  the  pnlleys  and  a 
free  use  of  lubricants;  but  the  wear  occasioned  by  knuckle  and 
deflection  pulleys  partakes  of  the  character  of  the  wear  on 
sheaves. 

But  it  is  the  39  per  cent  at  slope  collieries  and  the  100  per  cent. 
of  wear  at  shaft  collieries  that  I  propose  to  discuss.  A  small  imrt 
of  this  wear  is  due  to  friction  on  the  drum  and  sheaves,  but  tiie 
principal  cause  is  the  friction  caused  by  the  nibbing  and  grinding 
of  tlie  wires  of  each  strand  upon  those  in  contact  with  it,  and  of 
the  wires  of  each  strand  upon  each  other,  whenever  the  rope  is 
forcibly  flexed  or  bent  and  simultaneuuisly  subjected  to  great 
tensional  strain. 

When  an  elastic  bar  of  metal  is  bent,  the  under  (concave)  fibres 
suffer  a  strain  of  conipression  and  the  upper  fibres  one  of  exten- 
sion, but  as  in  a  wire  rope  the  strands  cross  diagonally  from  top 
to  bottom,  each  strand  bears  its  share  of  the  weight  by  adjusting 
itself  to  the  new  condition  by  diyhilij  moving  upon  those  in  con- 
tact with  it.* 


*  It  CHii  fe«diljr  be  aceo  thnt  if  ihe  Btnwul?  were  siimply  Ixmnil  lugelher  and  not 
twbti?<i  in  11  huHjc,  tli^  ufi|>er  Btriiiifk  wriulJ  mistain  nil  tlit'  weagh^  tJie  low^r  on«&  m 
tttact  wilb  tiie  tiheave  beiug  aubj^ctai  to  a  su-aiu  of  coniprewian. 
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This  internal  wear  is  greatly  increased  by  the  sand  and  dirt 
which  inevitably  finds  its  way  into  the  body  of  the  rope. 

Other  things  being  equal  we  may  consider  this  wear  on  the 
sheaves  and  drum  inversely  proportional  to  their  diameters,  for  the 
wear  being  as  the  friction,  the  friction  is 

1.  Proportional  to  the  amount  of  movement  between  the  strands 
and  wires  when  the  rope  adjusts  itself  to  a  carved  surface  or  read- 
justs itself  to  a  straight  line. 

2.  This  movement  depends  directly  upon  the  degree  of  curva- 
ture which  is  inversely  proportional  to  the  diameter  of  the  drum 
or  sheave. 

Although  mining  engineers  recognize  these  principles  in  deter- 
mining the  size  of  drums,  they  do  not,  as  a  rule,  place  as  much 
importance  upon  the  size  of  sheaves  and  pulleys  over  which  the 
rope  runs.  When  proposition  i  (above)  is  thoughtfully  consid- 
ered it  will  be  seen  that  the  wear  occurs  ai  the  mament  the  rope  is 
flexed  in  passing  upon  a  drum,  hence  the  same  wear  must  also  be 
occasioned  by  a  sheave  of  equal  diameter,  and  mark,  as  the  rope 
almost  immediately  readjusts  itself  to  a  straight  line  (prop.  1,  above) 
in  passing  oflF  the  sheave  on  its  way  to  the  drum,  the  wear  caused 
by  the  sheave  is  prcckely  double  that  caused  by  the  drum  of  equal 
size. 

As  regards  frictional  wear  it  is  far  better  to  decrease  the  diam- 
eter of  the  drum  tlian  that  of  the  sheaves. 

A  rule  in  common  use  is  as  follows: 

"  For  every  quarter  of  an  inch  in  the  rope  diameter  allow  one 
foot  in  the  diameter  of  the  drum."  The  Roebling's  Sons'  Com- 
pany give  minimum  drum  and  sheave  diameters  slightly  smaller, 
and  the  Hazard  Company  figures  nearly  corresponding  to  those 
given  by  this  rule.  No  smaller  diameters  should  ever  be  used, 
and  larger  sized  drums  and  sheaves  will  give  much  more  satis- 
factory results. 

I  approach  the  subject  of  knuckle  and  deflection  pulleys  with 
much  hesitation.  Tlie  wear  caused  by  a  knuckle  or  deflection 
j)ullcy  used  to  efiect  a  slight  cliange  in  the  direction  of  the  rope, 
is  influenced  ])y  i)recisely  the  same  conditions  that  afiect  the 
wear  on  sheaves, — provided  always,  that  the  angle  of  deflection 
is  suflicient  to  cause  the  rope  to  conform  to  the  curvature  of  thepul- 
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%  for  an  appreciable  distance  along  its  contact  surface.  This 
will  vary  with  the  size  and  stiffn^s  of  the  rope  and  the  working 
load. 

After  much  fruitless  labor  I  am  convinced  that  it  is  not  possi- 
ble to  express  by  a  formula  the  exact  diameters  of  deflection  pul- 
leys that  shall  cause  no  greater  rate  of  wear  than  the  minimum 
drum  and  sheave  diameters,  but  it  seems  patent  that  in  any  case 
where  the  deflection  approaches  15"^  or  20*^  the  knuckle  or  deflec- 
tion pulley  becomes  to  all  intents  and  purposes  a  sheave  aufl 
should  be  treated  as  such.  For  deflections  ranging  from  5°  to 
15*^  it  might  be  well  to  use  pulleys  of  size  proportional  to  the  de- 
flection,— the  diameter  for  15^  or  20°  being  equal  to  the  mini- 
mum  sheave  diameter  for  rope  of  equal  tliickness. 


XVI. 


THE  CONSTRUCTION  OF  IRON  RAILROAD  BRIDGES  SUB- 

JECrHD  TO  CONCENTRATED  LOADS  UNDER 

HIGH  SPEED. 

By  ChahXtKb  W.  BucHRgLz,  Member  of  ihe  Club. 
B^ad  AprU  Uth,  ISSl. 

My  idea  of  venturing  before  you  to  read  a  paper  on  the  "Con- 
struction of  Iron  IL  U.  Bridges  Subjected  to  Concentrated  Ix>ads 
Under  High  Speed  "  is  chiefly  for  the  purpose  of  eliciting  discus- 
sion on  the  subject  and  to  draw  more  attention  to  it,  and  not  at 
all  to  advance  any  dogmatic  views,  or  to  advocate  any  empiric 
standard  of  construction.  What  little  I  have  to  say  will  princi- 
pally be  confined  to  bridges  of  short  spans:  say  below  150  ft. 
in  length.  Brixlges  of  larger  spans^  and  especially  those  that 
on  account  of  their  magnitude  and  use  command  universal  at- 
tention, are  generally  talked  and  written  about  enough,  before 
and  after  they  are  built;  they  are  looked  after  and  w^atched  with 
great  care;  speed  is  reduced  when  trains  run  over  tbenij  and  the 
Leljghtesi  defect  is  at  once  remedied.    The  smaller  structures  re- 
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ceive  no  such  generous  treatment,  although  they  require  as  much 
attention  and  thought,  and  often  give  more  trouble  to  the  de- 
signer and  more  frequently  bring  sorrow  to  the"  builder.  There 
are,  perhaps,  but  few  railroad  engineers  deeply  interested  about 
this  matter,  because  there  are  but  few  railroads  to-day  whose 
enormous  traffic  is  of  such  a  nature  as  to  cause  anxiety  to  their 
engineer  in  charge  of  the  maintenance  of  way  about  the  stability 
of  the  iron  bridges  on  his  road.  Such  bridges  having,  generally, 
been  constructed  by  very  competent  men,  by  experts,  whose  share 
in  the  responsibility  of  their  perfect  safety  is  always  assumed, 
and  whose  reputation  is  of  as  much  importance,  and  certainly  of 
more  financial  value  than  that  of  the  average  engineer  in  charge 
of  railroad  maintenance.  The  bridge  builder  labors,  however, 
under  great  disadvantage.  He  is  naturally  desirous  of  getting 
all  the  work  he  can,  and  he  has  to  compete  against  rivals,  not 
only  against  his  peers  in  the  profession,  but  also  against  charla- 
tans and  humbugs.  Specifications  are  generally  furnished  to 
him,  and  he  has  nothing  to  do  with  laying  down  the  very  basis 
of  a  sound  and  permanent  structure,  that  is,  the  fixing  of  Uie  live 
load  per  foot  of  track,  unless  he  ventures  to  suggest  from  his  own 
better  knowledge,  at  the  risk  of  losing  his  contract  for  so  doing. 
The  bridge  builder  very  rarely  has  an  opportunity  to  watch  his 
liandy-work  after  he  has  been  paid  his  final  estimate,  and  has, 
therefore,  little  practical  experience  how  his  bridge  acts  or  works 
under  the  different  effects  of  hea\-y  loads,  high  speed  and  change 
of  temperature;  unless,  indeed,  one  of  his  structures  should 
cause  a  disaster,  in  which  case  the  builder,  be  he  ever  so  inno- 
cent as  to  the  cause,  will  likely  hear  all  about  it.  For  these  rea- 
sons I  believe  it  to  be  an  imperative  duty  of  every  important 
railroad  company  to  have  in  its  employ  a  competent  engineer, 
familiar  with  the  construction  of  bridges  in  all  its  detail,  and 
familiar  from  experience  on  his  own  road  with  the  behavior  of 
bridges  in  doing  their  work.  Such  a  man  should  then  design 
all  tlie  bridges  the  railroad  may  need;  could  invite  bids  from 
honest  builders  for  their  construction,  and  should  then  bear  the 
entire  responsibility ;  for  in  such  important  matters  responsi- 
bility ought  never  to  be  divided.  If  such  engineers  could  not  be 
had  (and  I  admit  that  on  account  of  the  small  pay  generally 
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given  to  professional  men  on  railroads,  the  best  talent  is  en- 
gaged in  private  business)  it  would  be  much  better  for  railroail 
companies  to  employ  some  bridge  builder  of  reputation,  who^e 
known  integrity  is  a  guarantee  for  good  work,  and  leave  the 
whole  matter  of  bridge  construction  with  all  its  responsibility  in 
his  own  hands.  Above  all  things  the  work  of  designing  should 
not  be  divided.  The  fixing  of  the  number  and  nize  of  the  spans^ 
the  position  of  the  roadway,  whether  on  t^p,  bottom  or  in  the 
middle,  the  nature  of  the  truss,  the  floor  beams,  and  especially 
the  assumed  live  load,  are  matters  of  the  utmost  importance,  and 
a  fixed  rigid  responsibility  in  those  matters  will  alone  insure 
tliat  care  and  thought  necessary  to  complete  success.  The  pro- 
gress of  our  railroads  within  these  last  ten  years,  as  everybody 
knows,  has  been  astonishing.  Many  of  the  more  important  rail- 
roads liave  more  than  doubled  their  traffic,  the  size  and  weight 
of  their  cars  and  locomotives  has  increased  corres^pondingly,  and 
several  competing  lines  have  increased  the  speed  of  their  pas- 
senger trains  until  one  begins  to  think  that  a  limit  of  safety  has 
been  reached. 

The  first  locomotive  built  in  this  country  by  Mr,  Baldwin,  thfl 
old  Ironsides,  w*eighin^  altogether  in  working  order  only  a  littlel 
over  three  tons,  is  now  represented  by  engines  weighing  50  tons, 
with  over  3200  lbs.  upon  one  pair  of  wheels,  and  capable  of 
drawing  four  heavy  passenger  cars  at  the  rate  of  00  miles  per 
hour.  Not  many  years  ago  passenger  trains  rarely  ran  more 
than  30  miles  per  hour,  and  speed  was  always  reduced  when  ap- 
proaching bridges,  even  of  short  spans,  Now,  competition  has 
fixed  schedules  that  make  it  impossible  to  reduce  speed  for  any 
structure,  and  it  is  the  duty  of  the  engineer  to  provide  a  road- 
way capable  to  stand  this  extraordinary  wear  and  tear  with  per- 
fect safety.  Remember  that  GO  miles  an  hour  is  ^%  ft  per  sec- 
ond, and  you  will  at  once  appreciate  the  great  necessity  of  usinj 
all  i>ossible  care  and  knowledge  in  assuming  the  live  load  jjcr ' 
ft.  U[K)n  which  the  bridges  of  such  a  railroad  must  be  designed 
and  proportioned.  I  am  aware  that  the  best  bridge  builders  are 
alive  to  this  fact,  yet  I  ara  convinced  that  there  are  others, 
if  they  are  aware  of  it,  ignore  it.  Very  few  of  the  roadbeds 
of  the  most  important  railroads  have  increased  in  strength  cor 
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respondingly  with  the  increase  of  the  weight  of  their  motive 
power;  this  is  especially  the  case  with  their  bridges  of  short 
spans,  and  the  floor  systems  of  all  their  bridges,  although  the 
best  managed  roads  have  several  years  ago  removed  all  their 
earlier  iron  structures.  Yet  in  spite  of  this  experience  there  are 
bridges  built  on  new  railroads  to-day  hardly  equal  in  strength 
to  those  removed  by  the  old  roads.  I  have  recently  seen  in  Ncjw 
York  State,  short  span  iron  bridges  put  in,  that  I  am  eonfideut 
will  not  outlast  a  wooden  stringer,  and  are  not  half  as  safe.  Upon 
the  P.  &  R.  R.  R.  they  have  removed  all  the  old  iron  bridges  built 
30  or  40  years  ago.  They  had  great  numbers  of  them,  and  I  pre- 
sume they  were  models  of  their  time.  They  were  certainly  built 
by  gentlemen  of  thorough  technical  training  and  experience, 
yet  they  failed  because  not  sufficient  allowance  had  been  made 
for  wear  and  tear,  nor  was  the  future  increase  in  the  weight  of 
rolling  stock  sufficiently  discounted.  When  I  say  these  bridges 
failed  I  do  not  mean  that  they  absolutely  sunk  down  under  a 
passing  train,  far  from  it.  The  very  gentlemen  who  designed 
and  built  them,  had  grown  with  the  times,  saw  the  defects  of 
their  work  and  promptly  remedied  it.  They  saw  that  the  new 
conditions  imposed  upon  their  bridges  had  destroyed  their 
strength;  they  had  done  the  duty  for  which  they  were  designed, 
but  the  largely  increased  weight  and  the  excess  of  wear  and  tear 
upon  them — which  nobody  dared  to  anticipate — demanded  a 
new  metliod  of  construction  and  a  less  high  estimate  of  the  value 
of  iron  as  to  its  permanence  as  a  material  for  bridges.  These 
same  conditions  exist  still  to-day,  and  the  wise  man  will  not  flat- 
ter himself  that  he  knows  all  about  iron  bridges  and  their  infi- 
nite endurance,  but  will  look  to  the  past  for  instruction,  and  with 
due  caution  to  the  future.  The  question  and  the  subject  I 
would  like  to  draw  attention  to,  is  not  how  to  build  an  iron 
bridge  for  to-day  that  will  bear  with  safety  a  given  load  per  foot, 
but  how  to  build  a  bridge  that  will  do  its  work  with  perfect  ease, 
without  fear  and  trembling  under  any  circumstances  likely  to 
occur  on  a  large  railroad,  and  do  it  for  some  time  to  come — not  for 
ever,  for  I  do  not  believe  in  the  perfect  permanency  of  any  iroh 
bridge,  although  some  very  prominent  men  in  the  profession 
have  asserted  and  maintain,  that  an  iron  bridge  is  more  durable 
than  one  built  of  stone. 
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With  sotne  reluctance,  but  with  very  firm  convietions  I  ap- 
pnmch  the  J4ubject  of  what  sort  of  a  bridge  would  make  a  per- 
fectly safe,  and  steady,  and  durable  structure.    I  am  sure  that 
our  boasted  trussed  system  with  liuks  and  pin  connections  will 
not  do  it;  and,  of  course,  I  reject  the  use  of  cast  iron  angle  blocks 
altogether,    August  Ritter,  one  of  the  most  practical  and  able 
writers  on  the  construction  of*  bridges  and  roofs  says :  that  a  cor- 
rect tlieory  will  always  correspond  with  a  sound  practice,  and  in 
support  of  his  assertion  adopts  bis  theory  of  calculating  strains 
upon  our  American  system  of  building.     He  asserts,  and  I  thor- 
ougbly  believe  in  him,  that  the  strains  upon  the  different  mem- 
bers of  any  truss  cannot  be  absolutely  determmed,  unless  all  the 
members  are  hinged  at  their  connections  by  pins  or  free  moving 
sockets,  and  that  it  should  be  the  constant  endeavor  of  all  de- 
signers to  arrange  their  plans  in  conformity  to  this  assertion,  so 
that  none  but  longitudinal  strains  can  take  place  in  any  part  of 
a  main  truss.     This  is  unquestionably  sound  doctrine,  and  in  all 
structures  sustaining  a  uniform  load,  or  in  very  large  bridges 
where  the  live  load  is  small  in  comparison  to  the  dead  weight  of 
the  bridge  itself,  these  conditions  can  and  should  be  adhered  to. 
But  when  we  come  to  smaller  bridges,  where  the  live  load  is  as 
heavy  or  heavier  than  the  structure  itself>  the  theory  does  not 
correspond  with  experienced  practice,  and  a  more  rigid  system 
becomes  absolutely  necessary.    To  explain  the  effect  of  an  en- 
gine weighing  50  tons,  running  suddenly  upon  a  light  bridge 
and  rolling  over  it  at  the  rate  of  88  ft  per  second,  to  arrive  by 
figures  and  formula  at  a  result  that  will  express  exactly  in  so 
many  pounds  the  true  weight  exerted  upon  tlje  bridge  by  tliis 
momentum  and  the  actual  weight,  seems  to  me  impossible,  at 
least  I  am  not  aware  that  anybody  has  attempted  to  solve  it,  and 
it  certainly  is  beyond  my  powers;   I  can  only  say  that  I  have 
oft^n  seen  and  felt  the  effect  produced.    An  oi^inary  truss  bridge 
witli  pin  connections  cannot  and  does  not  for  any  length  of  time 
successfully  resist  this  sudden  and  severe  action.    The  enormous 
strains  upon  such  a  truss  cannot  be  transferred  quick  enough 
from  one  abutment  to  tlie  other ;   each  panel  must,  as  it  were, 
sustain  itself  without  any  aid  from  the  adjoining  ones,  and  the 
result  is  a  deflection  immediately  under  the  engine  more  abrupt 


1 


268  Buehhob—Iran  BaUroad  Bridges.       [IVoc.Eiig.aali, 

than  if  the  whole  bridge  acted  as  a  solid  beam.  The  diflFerent 
members  naturally  move  about  their  pin  connection  when  the 
panel  deflects,  and  every  passing  train  increases  by  wear  and  tear 
this  movement,  until  the  whole  truss,  if  not  too  weak,  becomes 
too  shaky  and  requires  renewal.  Excessive  strength,  close  atten- 
tion to  the  details,  and  absolutely  true  workmanship  will  partly 
overcome  this  want  of  rigidity  in  all  truss  bridges  with  pin  con- 
nections, but  can  never  make  it  as  stiff  and  durable  as  a  solid 
riveted  girder. 

A  solid  or  a  closely  latticed  girder  will  act  as  a  solid  beam  and 
if  care  is  taken  and  close  attention  is  paid  to  the  riveting,  the 
wear  and  tear  upon  such  a  girder  should  be  very  little.  Of 
course  I  know  that  the  great  objection  to  those  structures  is  their 
cost  when  they  exceed  50  ft.  in  length,  and  require  field  work  in 
their  erection.  I  know  full  well  the  great  advantages  of  trusses 
with  parallel  chords  and  pin  connections,  where  every  part  is 
finished  in  the  shops,  and  nothing  remains  to  be  done  in  the 
field  but  putting  the  parts  together.  Yet  I  believe  the  difference 
in  cost  is  much  exaggerated,  because  a  riveted  bridge  of  any 
kind,  although  more  work  is  required  at  the  place'  where  it  is  to 
be  erected,  the  shop  work  is  at  the  same  time  largely  reduced, 
and  with  the  new  improvements  of  portable  drills  and  forges  the 
difficulty  is  not  as  formidable  as  it  looks.  Besides,  cost  ought 
not  to  be  considered  where  it  occurs  as  an  offset  to  safety,  but  if 
cost  is  of  vital  importance  it  would  be  much  better  to  reject  iron 
entirely,  and  build  a  good  wooden  structure. 

Recent  practice  has  convinced  me  that  I  am  right ;  a  solid 
plate  girder,  over  80  ft.  long,  was  lately  built  at  one  of  our  best 
bridge  works,  and  I  am  inclined  to  think  that  they  can  be  in- 
creased with  safety  and  economy  to  a  hundred  feet  long.  Be- 
yond that,  however,  economy  would  demand  another  system,  and 
I  venture  to  suggest,  and  am  ready  to  defend  an  arched  truss,  a 
favorite  design  of  mine.  The  arch  like  the  plate  girder  has  the 
advantage  of  transferring  at  once  any  sudden  and  heavy  load  to 
both  abutments,  and  if  the  right  form  is  adopted  no  great  strains 
are  produced  upon  any  of  its  vertical  members.  All  the  sections 
of  an  arched  truss  are  uniform  and  the  strains  upon  any  member 
can  be  determined  with  great  accuracy  and  little  labor.     One  of 
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the  greatest  advantages  of  an  arohed  truss  is  that,  while  the  arch 
itself  should  be  solid  and  oontinuous,  the  vertical  and  horizontal 
members  may  be  made  in  links,  and  put  together  by  pinSj  with- 
it  producing  that  panel  deflection  so  injurious  to  trusses  with 
parallel  cliords.  The  objection  generally  urged  against  the 
arched  truss  is  its  lateral  weakness,  the  impossibility  of  lateral 
bracing  between  the  top  chord,  yet  this  objection,  it  seems  to  me, 
is  not  well  considered.  Europe,  and  especially  the  continent,  is 
full  of  these  bridgea,  and  nothing  would  indues  the  engineer's  to 
change  their  practice.  There  is,  of  course,  no  difficulty  at  all  of 
thorouglily  bracing  such  a  briflge,  when  the  roadway  is  on  the  t43p^ 
and  if  the  floor  system  is  well  designed,  there  should  be  none  wlicn 
the  roadbed  rests  upon  the  bottom*  If  the  main  trusses  are  placed 
a  little  further  apart  than  is  absolutely  necessary,  and  the  cross 
floor  beams  are  firmly  riveted  directly  to  the  vertical  membei's, 
lateral  braces  can  be  introduced  that  will  prevent  all  side  motion. 
I  am  sure,  such  a  bridge  would  not  cost  much  more  than  a  trusi§ 
with  parallel  chords,  and  if  it  did,  our  wealthy  railroad  com* 
panics  would  not  object  to  it,  provided  they  would  he  assured  of 
getting  a  more  permanent  and  safer  structure.  In  conclusion,  I 
beg  leave  to  point  out  the  great  necessity  of  extraordinary  care 
in  designing  the  details  of  any  kind  of  bridge,  the  excess  of 
strength  imperatively  needed  in  the  whole  floor  system^  since  the 
sudden  and  rapid  increase  of  concentrated  loads  upon  one  pair 
of  drivers  on  modern  locomotives.  There  are  to-day  but  few  rail- 
road engineers  aware  of  this  change  in  the  strains  upon  the 
floors  of  their  bridges,  and  it  seems  to  me  very  proper  to  draw 
attention  to  it,  as  very  frequently  the  best  designed  bridges  in 
their  main  trusses,  become  very  troublesome  when  the  floor  is 
weak* 
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THE  SEWERAGE  OF  MEMPHIS,  TENN..  AFTER  A  TRIAL 

OF  ONE  YEAR. 

By  Wm.  Henry  Baldwin,  Member  of  Club. 
Bead  April  IGth,  1881. 

The  sewerage  system  of  Memphis  has  now  been  in  operation  a 
little  more  than  one  year.  The  principal  lines  from  the  easterly 
and  westerly  portions  of  the  city  were  brought  together  in  the 
latter  part  of  July,  1880,  and  the  sewers  were  then  ready  for  public 
use,  although  many  houses  had  already  been  connected. 

As  this  is  the  first  instance  where  the  system  here  adopted  has 
been  applied  upon  anything  like  so  extensive  a  scale,  it  has  very 
naturally  attracted  considerable  attention  and  persons  interested 
in  such  matters  have  been  desirous  to  know  what  are  its  distinct- 
ive features  and  wherein  it  differs  from  the  ordinary  practice,  but 
more  especially  to  find  out  its  practical  operation  when  brought 
down  to  everyday  use — in  fact  to  know  how  it  actuallj'-  works. 

Much  has  already  been  written  on  the  details  and  methods 
employed  in  constructing  tlie  sewers  of  Memphis.  Engineers 
and  others  have  commented  upon  and  criticised  the  general  fea- 
tures of  the  system,  and  have  discussed  the  claims  made  by  its 
author  to  ori[^inality  in  its  application  to  towns  and  cities.  We 
will  not  attempt  to  say  anythintr  about  originality  of  design,  for 
its  author  is  well  known  to  be  fully  able  to  speak  for  himself  on 
tliis  subject.  Nor  do  we  propose  to  advocate  or  defend  the  pe- 
culiar system  of  sewerage  adopted  in  Memphis,  but  only  to  bring 
togetlier  such  information  as  is  available  from  observations  mac^e 
thus  far,  which  may  help  the  reader  to  form  an  opinion  of  his 
own.  We  will  i)roceed  then,  in  the  first  j)lace,  to  consider  some 
local  topogra])hical  and  other  features  having  a  controlling  influ- 
ence in  the  a})plication  of  any  system  of  sewerage  to  the  city  of 
Memjdiis, — secondly,  to  review  some  of  the  distinctive  features 
and  characteristics  of  tlie  system  of  sewerage  adopted  for  that 
city,  but  liaving  a  general  application  independent  of  any  local 
conditions  and  which  constitute  a  marked  and  important  differ- 
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3ce  between  this  and  any  other  method  of  sewerage  heretofore 
2d  in  the  public  works  of  cities,  and,  finally,  to  note  some  ob^^er- 
Nations  made  during  the  past  year,  showing  the  disposal  of 
iomestic  and  household  waste  by  wat^r-carriage;  the  amount  and 
sature  of  the  deposit  in  the  pipes  and  tJie  method  snceesHfnlly 
idopted  for  it^  rMnoval ;  the  quantity  of  water  disci lurged 
iro!igh  the  sewers  at  different  hours  throughout  the  day  and 
ight;  tlic  velocity  of  flow  of  water  through  the  pipes  and  the 
jnsequent  length  of  time  required  for  matters  introduced  into 
le  sewers  to  find  their  way  out  and  be  discharged  into  the  river ; 
id  any  other  items  of  interest  having  a, tendency  to  show  the 
liraetical  operation  of  the  sewers  during  the  first  year  of  their 
ervice,  and  tJieir  condition  at  the  present  time. 
The  writer  is  indebted  to  the  courtesy  of  Major  J*  H.  Hum- 
phreys, Kngineer  in  Charge  of  the  works^  for  notes  and  informa- 
tion very  cheerfully  furnished  for  this  paper 

When  the  writer  arrived  in  Memphis,  only  a  few  weeks  after 
the  abatement  of  the  fever  which  raged  so  fearfully  during  the 
summer  of  1879,  it  was  thought  essential  to  secure  a  residencet 
light,  airy  and  with  plenty  of  sunshine,  and,  at  the  same  time, 
it  seemed  desirable  to  find  a  place  overlooking  the  river  where 
one  could  enjoy  the  beautiful  scenery  which  northern  people  ex- 
pect on  the  banks  of  a  great  river.  But  Memphis,  although  built 
on  a  bluff,  does  not  overlook  the  river.  One  or  two  principal 
streets,  at  an  elevation  of  forty  or  fifty  feet  above  the  wrUm*,  are 
occupied  by  warehouses,  and  are  used  for  commercial  and  other 
business  purposes,  while  the  rest  of  the  city  slopes  rapidly  away 
towards  the  interior. 

Drainage  is  therefore  frmn  tlie  Mississippi  River  and  not 
tow^ards  it  About  half  a  mile  back  from  the  bluff  a  small  stream 
winds  along  through  an  alluvial  bottom,  into  which  it  has  cut  its 
way  to  the  underlying  stratum  of  sand  and  gravel,  leaving  per- 
pendicular banks  from  twelve  to  fifteen  feet  high  on  each  side* 
The  principal  streets  are  bridged  across  this  stream  and  rise 
again  quite  rapidly  to  the  suburban  and  rural  portion  of  the  city 
beyon<l.  The  flow  of  this  stream,  called  the  Bayou  Gayoso,  is  in 
a  northerly  direction,  its  banks  become  gradually  lower  and  the 
alluvial    bed  through    which  it  flows  spreads  out  to  a  greater 
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width,  until  finally  it  discharges  into  the  Wolf  River,  about  half 
a  mile  above  the  junction  of  that  stream  with  the  Mississippi. 
Although  the  above  description  is  somewhat  voluminous  the 
stream  itself  is  quite  insignificant  at  most  times,  but,  as  it  lies 
wholly  within  the  city,  having  the  business  and  thickly  populated 
part  on  one  side,  with  the  suburban  and  rural  on  the  other,  it  will 
be  seen  that,  though  small,  it  plays  an  important  part  in  the 
sanitary  condition  of  the  city. 

The  Mississippi  River,  once  or  twice  every  year,  and  sometimes 
oftener,  rises  to  a  height  of  from  fifteen  to  twenty  feet  above  its 
ordinary  level  and,  at  such  times,  its  waters  back  up  into  the 
small  stream  just  described,  overflowing  its  banks  for  a  length  of 
more  than  a  mile  within  the  city,  submerging  the  low  grounds 
in  its  vicinity  and  keeping  them  under  water  for  weeks  at  a  time. 
This  stream  serves  a  very  good  purpose  in  carrying  off  the  rain 
water  from  the  streets  and  gutters,  but  it  is  evident  that,  if  all 
the  waste  and  sewage  of  the  city  were  allowed  to  flow  into  it,  the 
districts  submerged  would,  on  the  subsidence,  of  the  water,  be 
covered  with  slime  and  filth  and,  when  exposed  to  the  hot  sun 
of  that  climate,  would  seriously  impair  the  sanitary  condition  of 
the  city. 

In  designing  any  system  of  sewerage  there  was  then  no  alter- 
native but  to  provide  collective  sewers,  one  on  each  side  of  the 
bayou,  to  receive  the  flow  as  it  comes  down  the  streets  and  alleys 
and  to  convey  it  away  to  a  point  whence  it  will  not  return.  It 
was  necessary  to  have  these  collective  sewers  as  near  as  possible 
to  the  bayou,  both  to  avoid  deep  cuttings  and  to  have  as  narrow 
a  space  as  possible  between  the  two  lines. 

There  are  no  streets  or  alleys  runniiig  in  a  direction  at  all  suit- 
able for  the  purpose,  as  Memphis  is  laid  out  on  the  rectangular 
plan,  hence  it  was  necessary  to  lay  the  collective  sewers  through 
private  property  for  almost  their  entire  length,  in  fact  consider- 
ably more  than  two  miles.  An  undertaking  of  that  kind  re- 
quired great  boldness  on  the  part  of  those  who  designed  it,  and 
could  not  liave  been  accomplished  without  extraordinary  powers 
granted  by  the  State.  But  the  citizens  of  Memphis  were  fully  in 
sympathy  with  the  enterprise  and  willing  to  do  almost  anything 
to  escape  the  terrors  of  an  epidemic,  so  that  almost  invariably 
the  right  of  way  was  conceded  without  opposition  or  cost. 


Phlltt.,  1881,  n,  a,]         Baldwin — Sewerage  of  3femphi9* 


A  point  of  discharge  having  been  selected,  it  was  aseertained 
that  a  uniform  fall  of  one  in  six  hundred  could  be  secured  for 
the  Diain  sewers.  An  important  condition  of  the  system  may  be 
meutioned  in  the  outset,  namely  that  no  angles  or  sharp  iurnB 
should  be  made  in  any  of  tlie  sewers,  especially  in  the  mains. 
In  view  of  the  fact  that  a  sewer  through  private  property  could 
not  be  easily  retraced  when  once  buried  out  of  sight  unless  care- 
fully locatedj  and  also  to  have  the  lines  as  nearly  straight  as  pos- 
sible, the  mains  were  laid  out  in  curves  and  tangents  with  the 
same  care  as  a  railroad^  points  being  fixed  at  intervals  of  twelve 
and  one  half  feet  to  secure  accuracy  of  alignment,  and  the  radius 
of  curvature  was  made  as  great  as  possible,  seldom  less  than  one 
hundred  ft'et  on  the  westerly  side  of  the  bayou,  wliile  on  the 
easterly  side,  where  obstructions  were  not  so  serious,  a  uniform 
radius  of  three  hundred  feet  was  selected  and  secured  with  but 
few  exceijtions. 

As  the  duty  of  locating  these  lines  through  private  property 
devolved  upon  the  writer,  he  may  be  unduly  impressed  with 
some  of  the  details  of  this  part  of  the  work,  and  still  retains 
clearly  in  mind  the  strife  to  get  a  line  through  cotton  sheds  and 
back  yards,  among  shanties  and  high  brick  walls,  and  beneatli 
dwellings,  without  cutting  away  the  brick  columns  on  which 
most  {>f  the  houses  are  built  in  that  climato,  and  at  the  same 
time  to  maintain  a  direct  line  with  true  curves.  The  most  seri- 
ous obstacle  met  with  was  the  large^underground  cisterns  usPd 
to  secure  tlie  domestic  supply  of  rain  water.  The  people  of  the 
South  thoroughly  understaiul  and  appreciate  the  art  of  preserv- 
ing rain  water  for  drinking  purposes,  and  when  a  cistern  proves 
to  be  a  good  one,  the  owner  is  unwilling  to  give  it  up,  as  the 
water  of  a  new  cistern  is  sure  to  be  bad  for  a  year  or  more,  and, 
from  some  unaccountable  reason  or  others,  is  very  likely  to  be 
worthless  altogether.  The  value  of  good  rain  water  cisterns  is 
still  furtlier  enhanced  wiien  compared  with  the  mmldy  water 
pumped  directly  from  the  river  Ibr  the  city  supply.  One  may 
then  very  well  imagine  the  disappointment  and  disgust  felt  by  a 
party  of  engineers  upon  disc?overing  one  of  these  great  cisterns 
directly  in  the  way  of  a  tine  carefully  spied  out  after  days  of 
labor.     But,  like  all  things  in  engineering,  the  exercise  of  pa- 
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tience  and   perseverance  carried  the  work   along   to   its  com- 
pletion. 

Without  trespassing  further  upon  your  patience  with  details  of 
a  preliminary  nature,  we  may  say  that  the  main  lines  have  been 
constructed  on  each  side  of  the  bayou  according  to  the  design 
sketched  above.  For  local  reasons  they  were  brought  together 
and  united  in  a  brick  sewer,  about  half  a  mile  from  the  outlet 
One  of  the  line§  is  carried  over  the  bayou  to  effect  this  junction, 
and  is  supported  on  a  wrought  iron  bridge  made  for  the  purpose, 
resting  on  brick  piers  and  having  a  clear  span  of  61  feet  8  inches. 
The  sewer  itself  over  the  bridge  and  its  approaches  is  of  cast  iron 
with  lead  gaskets.  The  approaches  to  the  bridge  on  each  side 
consist  simply  of  the  pipe,  supported  by  brick  piers,  one  under 
each  joint.  As  soon  as  the  approaches  come  near  enough  to  the 
ground  and  far  enough  from  the  stream  to  be  covered  with  a 
mound  of  earth,  the  sewer  is  built  of  ordinary  yitrified  clay  pipe, 
supported  on  small  arches  resting  on  brick  columns,  the  pipe  be- 
ing protected  from  accident  and  the  action  of  the  weather  by  a 
row-lock  of  brick  turned  over  it,  four  (4)  inches  thick.  This 
method  of  construction  upon  brick  arches  was  frequently  resorted 
to  ill  crossing  ravines  or  in  low  ground  too  unstable  to  sustain 
the  sewers  without  artitieial  sui)port.  They  were  of  uniform  de- 
sign, having  arelies  of  eiglit  (S)  feet  s])an  and  one  (1)  foot  rise» 
resting  on  eoluinns  of  brick,  extending  down  to  a  good  found- 
ation. ^ 

From  tlie  alK)ve  description  it  will  be  seen  that  the  Mem- 
))his  system  of  sewerage  consists, 

First,  of  main  lines  laid  with  a  uniform  fall  (two  inches  in 
one  hundred  feet)  and  in  practically  straight  lines. 

Second,  of  branches  discharging  into  the  mains  at  each  of 
the  streets  or  alU^ys  crossed  until  the  mains  themselves  are 
gradually  reduced  in  size,  as  the  supply  of  water  diminishes, 
and  they  in  turn  become  branches.  The  sewerage  of  Memphis 
is  then  divided  into  many  small  areas,  each  of  which  may  be 
j)roperly  regarded  as  a  small  drainage  system  of  its  own  in- 
dependent of  all  the  others. 

The  sewers  of  Afemphis  are  designed  to  remove  as  quickly 
and  completely  as  possible  all  the  liquid  wastes  of  the  house- 
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hold  antl  the  discharge  from  water -closets.  TJjo  amount  of 
wata"  furnished  by  a  city  supply  uflords  a  \miih  for  eMimatii^g 
the  amount  to  be  carried  off  by  its  sewers,  provided  all  the 
city  is  furuislied  with  sewers,  and  also  tluit  my  storm  water  be 
adniitted-  To  be  sure,  mucli  water  is  supl>lied  from  wells  and 
cisterns,  especially  in  a  southern  city,  but  this  is  doubtless 
more  than  ofiset  by  water  used  in  garden -hose,  street -sprink- 
ling and  in  other  ways^  where  it  does  not  liud  its  way  to  the 
sewers.  Knowing  then  approximately  the  amount  of  water  sup- 
plied, the  sewer  pipes  may  be  so  i>roportioiii*d  as  to  \m  nearly 
filled  each  day  and  thus  kept  thoronglily  washed  out  But  it  is 
essentia]  that  no  storm  water  be  admitted,  not  even  tliat  which 
falls  upon  the  roofs;  for  the  amount  of  rain  falling  on  the  roof  of 
a  dwelling  in  course  of  a  few  hours  is  so  entirely  disproportionate 
to  the  amount  of  water  actually  used  by  the  occupants  of  the 
house  during  the  same  time,  that  a  system  of  drains  designed  to 
convey  only  the  dome.«tie  water  supply  would  be  entirely  inade- 
quate to  carry  ofi'the  rain  water  even  from  the  roofi  while  on  the 
other  hand  a  system  of  pipes  large  enough  to  carry  off  the  rush 
of  water  from  an  occasional  storm  would  be  many  times  too 
large  to  conduct  the  domestic  supply  during  all  the  fair  weather 
in  the  year.  It  may  seem  superfluous  to  emphasize  this  feature  of 
tlie  Memphis  system  of  sewerage  furtlier  than  to  say  tliat  the 
entire  and  not  the  partial  exclusion  of  storm  water  is  one  of  the 
essential  and  vit^il  cotiditions  upon  lyliich  its  success  depend.^, 
for  the  reason,  among  many  otiiers,  that  this  is  the  only  possible 
way  i  n  w h  i eh  a  u  u  i f t) r ni  d a i  I y  flow  of  wa te r  can  be  sec u  r ed  s u  ffi - 
cient  to  flush  out  tlie  j>i]>cs  and  keej)  them  clean. 

Pipe  sewers  from  ten  to  eighteen  inches  in  diameter  have  been 
used  for  many  years  in  some  of  our  principal  cities.  More  than 
fifty  miles  are  now  in  successful  operation  in  New  York,  These 
pipe  sewers  carry  a  fair  weather  flow  seldom  exceeding  five  or 
eight  per  cent  of  their  capacity,  a  pipe  eighteen  inches  in  dia- 
meter usually  having  not  more  thafi  half  an  inch  to  perhaps  two 
inches  of  water  in  it  Dependance  has  to  be  placed  on  the  occa- 
sional action  of  storms  to  wash  oiit  any  deposit  left  by  tins  small 
daily  flow,  but  when  storms  are  long  delayed,  these  deposits  lie 
in  the  pipes  and  fester  and  decay  fur  days  and  weeks,  often  be- 
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coming  caked  so  hard  and  solid  as  to  resist  the  action  of  the 
storm  when  it  does  come. 

If  there  could  be  a  storm  every  day  or,  in  other  words,  if  the 
pipes  could  be  filled  full  of  water  every  day,  the  agent  on  which 
we  now  depend  for  occasional  relief  would  then  be  in  constant 
operation.  This  is  precisely  the  condition  of  the  Memphis  sewers; 
the  flow  at  night  is  small,  but  in  the  middle  of  the  day  it 
amounts  to  a  storm  in  pipes  properly  proportioned. 

It  seems  reasonable  to  expect  that,  whenever  a  pipe  can  be 
supplied  with  water  enough  daily  to  fill  it  half  fall,  it  will  be 
kept  clear  without  artificial  means.  Certainly  it  seems  more 
likely  than  if  filled  only  at  the  infrequent  and  irregular  occur- 
rence of  storms  which  may  be  delayed  for  weeks  or  months. 
.  In  estimating  the  size  of  the  pipes  to  be  used  for  the  Memphis 
sewers  it  was  designed  that  the  pipe  should  be  filled  half  full  by 
the  ordinary  midday  flow,  leaving  the  other  half  for  contin- 
gencies and  for  future  increased  demands.  This  ratio  was 
maintained  by  reducing  the  size  of  the  pipes,  toward  the  head 
of  the  system,  in  proportion  to  the  diminished  quantity  of 
water  to  be  carried  offl  But  there  is  a  practical  limit  beyond 
which  the  size  of  the  pipes  cannot  be  reduced.  Assuming  the 
house  drains  to  be  four  inches  in  diameter  and  providing  for  an 
enhirgement  at  their  junction  with  the  public  sewer,  we  are 
limited  to  a  diameter  of  six  inclies  as  the  smallest  practical  size 
for  the  public  sewer.  The  usual  rates  of  fall  in  Memphis  are 
from  six  to  twelve  inches  per  hundred  feet,  sometimes  more. 
The  amount  of  water  which  a  six  inch  pipe  will  carry  away 
at  these  rates  of  fall  is  known  to  be  from  four  to  six  thousand 
o-allons  per  hour,  and  the  velocity  of  flow  from  one  hundred  to 
one  hundred  and  fifty  feet  per  minute.  It  would  require  a  great 
many  dwellings  to  furnish  so  large  a  supply  of  water  as  that- 
By  reference  to  the  gaugings  of  the  flow  of  water  in  tlie  Memphis 
sewers,  given  on  another  ])age,  it  will  be  seen  that  the  greatest 
discharge  of  water  in  any  one  hour  is  only  alx)ut  twenty  per 
cent,  more  tlian  the  average  throughout  the  twenty-four  hours  of 
the  day.  At  tliis  rate,  to  secure  a  sup[)ly  of  5'M)()  gallons  in  one 
hour  would  re(]iiire  an  average  of  A\(u  gallons  per  hour,  or  a 
total  of  one  hundred  thousand  gallons  {)er  day,  as  much   water 
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as  would  be  likely  to  be  furnished  by  two  hundred  ordinary- 
house  drains. 

It  is  a  new  departure  in  engineering  to  assert  that  a  eix  inch 
pipe  laid  on  an  inclination  of  one  in  one  hundred  and  fifty  is 
large  enotigh  to  drain  two  hundred  dwellings,  but  the  above  line 
of  reasoning  appears  to  indicate  as  much,  and  the  experience  of 
the  pa.'it  year  in  Memphis  proves  tlie  efficiency  of  small  pipes 
far  more  conclusively  than  any  mere  pen  and  ink  logic  could  do. 

But,  unless  the  supply  of  water  is  great  enough  to  fill  the  pipes 
at  least  Imlf  full  every  day,  it  is  well  known  that  they  will  be- 
come gradually  filled  with  sediment,  and  will  ret^uire  some  arti- 
ficial means  of  keeping  them  clear.  The  most  eflective  artificial 
means  knowti  which  can  bo  automatically  applied  is  to  discharge 
at  intervals  a  quantity  of  water  large  enough  to  rush  through  the 
pipe  and  clear  its  way.  Five  thousand  gallons  per  hour  is  only 
eighty-three  gallons  per  minute,  and  it  is  not  necessary  to  main- 
tain the  flow^for  a  very  great  length  of  time. 

The  Field  fltish*tank  used  in  Memphis  discharges  112  gallons 
of  water  in  a  little  lei^s  than  a  minute  directly  into  the  head  of 
each  of  the  six  inch  pipes,  and  the  rush  of  this  water  has  been 
distinctly  observed  for  a  distance  of  1400  feet  or  morCj  according 
to  the  rate  of  descent  of  the  sewer* 

It  remains  for  experience  to  prove  if  this  quantity  of  water  is 
large  enough  to  effectually  wash  out  the  pif^es  when  di^^chargcd 
once  or  twice  a  day.  The  quantity  of  water  required  to  supply 
the  flush- tanks  of  the  city  is  almost  inappreciable  for,  while  the 
sewers  discharge  about  two  million  gallons  daih',  the  amount  of 
water  furnished  Ijv  the  flush-tanks  would  be  but  30,000  gallons 
if  all  were  emptied  twice  a  day. 

It  remains  also  for  experience  to  show  if  the  tanks  will  work 
when  let  alone  or  when  subjected  to  only  a  reasonable  amount 
of  attention.  In  this  particular  we  have  the  experience  of  a  little 
more  than  one  year,  and  the  officers  in  charge  of  the  sewerage 
depurlment  of  Memphis  assert  that  their  o]>eration  has  been  suc- 
cess fob 

^'ery  few  tank^  Imve  caused  m\y  trouble,  and  these  usually 
from  defeets  in  the  castings  or  in  setting  them.  Such  defcet^ 
were  soon  discovered  and  remediedr    It  would  be  very  bold  to 
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assert  that  the  flush-tanks  used  in  Memphis  are  not  susceptible 
of  improvement.  Some  improvements  have  already  been  made 
and  doubtless  others  will  be  from  time  to  time,  but  the  principle 
on  which  they  operate  appears  to  be  established  and  their  success 
demonstrated.  Nor  is  it  likely  that  the  size  of  the  tanks  has 
been  correctly  determined  in  every  instance,  but  as  a  flush-tank 
costs  no  more  than  an  ordinary  inlet-basin  or  man-hole,  and 
as  only  one  is  required  for  each  line  of  sewer,  their  re-construction 
would  be  but  a  trifling  matter  if  a  different  size  should  be  found 
necessary. 

Before  leaving  the  subject  of  flush-tanks  it  may  be  well  to  al- 
lude to  the  mistaken  impression  in  the  minds  of  some  that  the 
whole  system  of  sewers  require  to  be  flushed,  or  that  there  is  any 
concert  of  action  of  the  tanks  with  each  other,  or  that  their  dis- 
charge need  be  regulated  in  any  way  to  conform  to  each  other. 

A  moment's  reflection  will  show  that,  as  they  are  situated  only 
at  the  dead  ends  of  the  sew^ers  they  are  necessarily  widely  apart; 
each  one  operates  only  upon  the  sewer  immediately  below  it  and 
hence  is  entirely  independent  of  all  the  others. 

There  is  nothing  above  it  to  be  obstructed  if  it  gets  out  of  or- 
der, lience  it  can  be  taken  up  and  repaired  or  replaced  if  need  be 
witliout  any  interference  with  tlie  rest  of  the  system,  and  tinally 
no  part  of  tlie  sewers  needs  flashing  except  the  dead  ends  of  the 
small  pipes. 

So  niucli  lias  already  been  written  about  the  details  of  the  con- 
struction of  the  Memphis  sewers,  the  manner  of  laying  the  pipes 
and  makini;  house  connections,  and  many  other  matters  inter- 
esting;, but  now  grown  familiar,  that  allusion  will  only  be  made 
incidentally  to  these  things  ;  but  there  are  two  considerations  of 
importance  which  will  be  briefly  noted.  First,  the  ventilation  of 
the  sewers,  and  8i<:conj),  tlie  flow  of  water  in  them.  Both  these 
subjects  have  now  been  tested  sufficiently  to  furnish  information 
of  interest  and  value.  The  first  of  these  subjects  involves  the 
question  of  sewer  gas.  The  other  may  enable  us  to  ascertain 
how  long  a  time  sewa;j:e  remains  in  the  pipes  before  it  is  dis- 
charged into  tlie  river.  The  two  considerations  when  taken 
together  will  enable  us  to  estimate  tlie  possibility  of  the  decom- 
position and  decay  of  sewage  while  it  remains  beneath  the  streets 
of  the  city. 
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Wo  have  ulread}"  eoiisitlercd  tlie  general  plan  of  tlie  .sewerage 
syatotti,  nofl  Iiave  seen  that  it  consii^t*?  fi^^^t  of  a  brick  sewer 
twenty  (20)  Jiielies  in  diameter  and  abtmt  4,000  ft.  long,  receiving 
the  iliiseliarge  i4  two  pipe  lines,  one  of  fifteen  (15)  iuehe^j  diame- 
tiTj  and  the  otiier  twelve  (12)  inches. 

Memphis  is  laid  out  on  the  rectangular  system  of  streets  and 
alleys,  Scwei-s  are  laiil  in  tlie  alleys,  and  usual iy  descend  in  di- 
rect Hncs  and  discharge  into  the  mains  within  a  distance  of  half 
a  mile  or  less  or  their  source.  The  wiiole  system  then  may  be 
said  to  consist  of  numerous  branchesj  each  of  which  is  independent 
of  uU  tlie  others,  is  usually  not  more  than  half  ur  three-quarters 
of  a  mile  in  length  and  may  properly  be  regarded  as  a  small  .sys- 
tem of  its  own. 

A  description  of  the  ventilation  of  one  of  these  branelics  w^ill 
apply  equally  well  to  any  other,  and  hence  to  the  whole  wewerago 
system. 

The  ventilation  m  perfectly  simple  and  equally  effective.  First, 
a  frci*h  air  inlet  is  placed  in  caeh  branch  near  its  jyneti(»n  with 
the  main  sewer.  Second,  every  house  drain  is  required  by  law 
to  be,  and  in  fact  is,  left  open  wltliout  any  main  trap,  and  is  ex- 
tended up  through  the  several  floors  of  the  house,  by  means  of  an 
iron  soil  pipe  four  inches  in  diameter,  passing  through  the  roof 
and  opening  into  the  open  air  above.  By  this  means  a  free  cir- 
culation of  air  is  secured  at  all  times  and  no  back  pressure  or  ac* 
eumulaiion  of  foul  gases  or  vapors  is  possible.  There  is  not  nmch 
movement  of  air  through  the  sewers,  but  where  any  draught  has 
been  observed  it  lias  been  from  the  street  inwart]  to  the  sewer,  as 
proved  by  the  fact  that  a  burning  piece  of  paper  is  drawn  into 
and  not  blown  out  of  the  fresh  air  inlets.  Every  house  drain  is 
a  ventilator  almost  as  lartre  as  the  sewer  itself,  antl,  as  they  all 
extend  above  the  roots  of  the  houses,  some  termiiuite  at  a  much 
greater  elevation  above  the  ground  than  others,  hence  the  circu- 
lation of  air  is  doubtless  upward  in  some  and  downward  in 
others.  It  is  perhaps  a  matter  of  regret  that  more  extended  ob- 
Kervations  have  not  been  made  on  this  subject,  but,  on  the  other 
band,  the  fact  that  nobody  has  been  led  to  investigate  tlie  subject 
goes  far  to  prove  that  the  operation  of  the  ventilation  system  is 
entirely  satisfactory.     In  fact,  the  great  number  of  ventilators 
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afforded  and  their  size,  as  compared  to  that  of  the  sewer,  render 
the  accumulation  and  stagnation  of  foul  air  impossible. 

As  to  the  flow  of  water  some  observations  have  been  made  by 
passing  floats  through  the  sewers  and  noting  the  time  required 
for  them  to  go  from  one  man-hole  to  another.  By  this  means 
the  velocity  in  the  mains  has  been  ascertained  to  be  about  two 
and  one-half  feet  per  second.  These  have  a  grade  of  only  two 
inches  per  hundred  feet,  but  the  branches  are  much  steeper,  hav- 
ing a  fall  usually  about  six  inches  in  one  hundred  feet,  hence  we 
may  conclude  that  the  flow  of  water  in  them  is  more  rapid  than 
in  the  mains.  From  all  available  information  we  may  safely 
estimate  the  average  velocity  throughout  the  city  to  be  not  less 
than  two  feet  per  second.  On  this  subject  the  engineer  in  charge 
of  the  work,  Major  J.  H.  Humphreys,  in  a  recent  letter  says,  that 
he  should  consider  an  estimate  of  two  feet  per  second  through- 
out the  entire  city  a  very  safe  estimate  as,  in  his  opinion,  the 
flow  in  most  places  w^ould  be  considerably  greater.  The  main 
sewers  are  only  about  two  miles  in  length.  Assuming  a  velocity 
of  two  feet  per  second  or  one  mile  in  three-quarters  of  an  hour, 
water  would  traverse  their  entire  length  in  an  hdur  and  a  half. 
The  branches  are  usually  about  one-half  to  three-quarters  of  a 
mile  in  length,  and  at  the  same  velocity  water  would  run 
through  the  longest  in  half  an  hour.  Few,  if  any  houses,  con- 
nected with  the  Memphis  sewers  are  more  than  two  and  a  half 
miles  distant  from  the  outlet,  while  the  vast  majority  are  within 
considerably  less  than  two  miles,  hence  we  may  safely  conclude 
that  anything  finding  its  way  into  any  of  the  sewers  would  be 
discharged  into  the  river  within  two  hours  or  three  at  the  most. 
This  evidently  allows  but  little  time  for  sewage  to  become  foul 
or  oflensive,  especially  as  it  is  kept  in  constant  motion  and  is 
exposed  to  fr(^^h  air  all  along  the  line,  by  the  complete  system  of 
ventilation  described  above.  This  rapid  flow  not  only  renders 
the  stagnation  and  jnitrefaction  of  water  impossible  during  the 
sliort  time  it  is  allowed  to  remain  in  the  sewers,  but  also  prevents 
the  coll(M'tion  of  deposits  of  solid  matter  to  any  considerable  ex- 
tent, especially  the  gradual  silting  in  of  fine  matter,  but  occa- 
sionally foreign  matter  will  find  its  way  into  a  sewer,  such  as 
rags,  bunches  of  cotton,  pieces  of  brick  or  stone,  etc.,  not  readily 
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carried  along  by  the  current  nnd  likely  if  neglected  to  form  an 
obstructioti*  For  the  detection  and  removal  of  such  things  resort 
has  V>eeo  made  to  the  now  familiar  device  of  passing  hollow  nie- 
talUc  Italls  through  the  pipes  of  a  size  only  a  little  smaller  than 
the  pipes  themselves.  A  single  instance  of  the  practical  ad- 
vantage of  the  device  appears  in  the  experiment  on  the  twenty 
(20)  inch  brick  sewer,  where  a  hall  fifteen  (15)  inches  in  diame- 
ter went  through  without  difficulty,  but  one  having  a  diameter  of 
seventeen  (17)  inches  was  stopped  by  a  mass  of  cement  care- 
lessly left  in  the  sewer  when  it  was  built,  and  was  thus  detected. 
The  engineer  in  charge  of  the  works,  Major  J.  11.  Humphreys, 
in  a  recont  letter  says,  that  nothing  more  substantial  has  been 
found  than  rags  and  a  sort  of  gelatinous  deposit,  wliieh  seems  a 
fine  silt  bonded  by  what  seems  pulp,  formed  by  the  dissolution 
of  paper.  This  is  easily  purged  out  by  the  use  of  the  balls  de- 
scribed above- 
No  pipes  have  ever  been  stopped  by  the  gradual  silting  in  of 
solid  matter.  There  have  been  a  few  instance  of  stoppage  in 
six-inch  pipes;  these  have  almost  invariably  been  caused  by  a 
bone  or  a  splinter  of  wood,  a  little  longer  than  the  diameter  of 
the  pij>e%  getting  crosswise  and  forming  an  obstruction.  The  en- 
tire number  of  such  instances  to  July  last  w^as  twenty-one  (21),  and 
the  average  cost  of  their  removal  was  $15  each,  or  a  total  of  |300 
a  year  in  thirty-two  (32)  miles  of  sewers. 

During  the  past  winter  the  weather  in  Memphis  was  excep- 
tionally cold,  and  much  water  wns  allowed  to  run  to  waste  to 
prevent  freezing  in  tlie  service  pipes.  This  caused  some  incon- 
venience by  turning  so  large  a  quantity  of  water  into  the  main 
sewers.  The  twenty  (20)  inch  brick  sewer  was  equal  to  the 
emergency  and  has  never  been  tilled  full,  but  some  of  the  twcdve 
(12)  and  fifteen  (15)  inch  pipes  were  surcharged  for  several  weeks. 
This  led  to  a  series  of  observations  and  experiments.  The  pipes 
were  opened  in  various  places  throughout  the  city  by  uncover- 
ing the  T  branches  left  for  that  purpose^  and  were  found  to  have 
a  rapid,  strong  flow  of  water  and  apparently  clear  from  deposits. 
Tlie  six-inch  branch  sewers  were  found  in  every  instance  fully 
equal  to  the  extraordinary  demand,  as  none  of  them  were  filled 
more  than  half  to  three-fourths  ftill. 


1 


282  Baldwin— Sewerage  of  Mefnphis.  [Proc  Eng.  Qob, 

Observations  made  on  the  20-inch  brick  sewer  consisted  in 
passing  floats  from  one  man-hole  to  another,  to  ascertain  the  ve- 
locity of  flow,  and  also  by  taking  gaugings  of  the  depth  of  water 
at  each  hour  during  the  day  and  night.  Similar  observations 
have  also  been  taken  at  intervals  since  then.  The  rate  of  fall  in 
this  sewer  where  the  ^otes  w^ere  taken  is  one  in  four  hundred 
and  sixty. 

The  flrst  experiment  made  to  ascertain  the  velocity  of  flow  was 
on  Friday,  Dec.  17th,  1880,  at  3.30  p.m.  Circular  floats,  four  (4) 
inches  in  diameter  and  one  (1)  inch  thick  were  observed  to  pass 
from  Jackson  St.  to  Centre  Alley,  a  distance  of  1733  feet,  in  eleven 
(11)  minutes  and  twelve  (12)  seconds,  indicating  a  surface  ve- 
locity of  2.58  feet  per  second.     Depth  of  water  13.75  inches. 

On  Dec.  20th,  1880,  eleven  similar  floats  through  the  same 
sewer  between  the  same  points,  with  the- same  depth  of  water,  in- 
dicated an  average  velocity  of  floats  of  2.53  feet,  per  second.  Sub- 
sequent experiments  show  a  velocity  somewhat  greater,  though 
the  depth  of  water  was  considerably  less,  for  instance  four  simi- 
lar floats  passed  from  the  same  point  through  a  distance  of  420 
feet,  at  an  average  velocity  of  2.65  feet  per  second,  although  the 
depth  of  water  was  only  12  inches.  The  floats  at  this  time  could 
not  be  followed  through  the  lower  portion  of  the  sewer,  as  it  was 
su])iiun'ged  by  the  back  water  from  tlie  Mississippi  river  for 
several  weeks  in  succession.     See  Table  II,  page  2S4. 

Observations  to  determine  the  rate  of  discharge  of  water  dur- 
ing the  day  and  night  have  been  made  by  taking  gaugings  of 
the  (h^pth  of  water  flowing  through  the  20  inch  brick  main  at 
Jackson  street,  each  liour  of  the  twenty-four,  the  first  beginning 
on  Monday,  December  20th,  at  0  p.m.  A  tabular  statement  is 
given  on  page  280,  Table  IV,  showing  the  gaugings  taken  at 
this  time,  and  also  another  series  taken  on  Saturday,  April 
30th,  ISSl.  In  order  to  facilitate  the  examination  of  data  thus 
furnished,  a  calculation  has  been  made  of  the  probable  velo- 
city and  discharge  in  a  sewer,  such  as  the  one  in  question,  with 
water  flowing  at  various  depths  of  from  one  to  twenty  inches 
(full).  These  calculations  are  made  according  to  Kutter's  for- 
mula, by  the  use  of  the  diagrams  pre[)ared  by  Rudolph  llering, 
for  the  American  Society  of  Civil  Engineers,  October  IGth,  1878, 
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Table  1 1 L  The  probable  velocities  and  discliarge!?  thus  computed 
are  also  placed  for  convenience  in  Table  IV, 

No  discussion  of  the  data  and  inforniatinn  here  furnished  will 
be  matle  now,  further  than  to  remark  that  the  flow  of  water  on 
December  20th,  was  probably  disturbed  somewhat  by  slight  ob- 
structions then  existing  in  the  sewer  but  subsequently  discovered 
and  removed. 

The  large  flow^  of  water  during  the  night  when  compared  to 
the  average  and  maximum  flow  may  possibly  suggest  the  suspi- 
cion that  the  sewers  are  carrying  a  constant  flow  of  subsoil 
drainage  finding  an  entrance  through  imperfect  joints  in  the 
pipes.  There  are  a  good  many  reasons  for  concluding  that  the 
sewers  do  not  carry  subsoil  drainage.  The  entire  qtuintity  of 
water  diHchorgcd  is  too  small  for  that,  being  less  than  one  halftlie 
quantity  pumped  by  the  Water  Company;  and  again  the  large 
miiiinunn  flow  was  maintained  during  the  dry  s?ason  wljen  no 
subsoil  water  flowed  out  through  the  drainage  tiles  laid  in  tlie 
same  trenches  besitle  the  sewer  pipes. 

It  is  a  matter  of  regret  that  the  hourly  pumpage  by  the  Mem- 
phis Water  Company  cannot  be  furnished  together  with  the 
gaugings  of  the  sewer  during  the  same  time.  The  works  being 
on  the  Holly  S3*stem  of  direct  supply,  this  could  easily  be  done 
by  a  concert  of  action  among  the  aulljorities,  Tlie  Water  Com- 
pany during  the  cold  season  last  winter  supplied  about  four 
million  gallons  daily*  They  now  claim  to  be  pumping  nearly 
five  millions,  but  the  flow  through  the  sewers  is  apparently  less 
than  it  wa^s  at  that  time. 

The  tabular  statement  of  water  supplied  by  the  Holly  system  at 
Burlington,  Iowa,  for  which  we  are  indebted  to  the  courtesy  of 
Mr,  Ira  Holly,  superintendent,  and  also  the  record  of  hourly  sup- 
ply of  water  in  SL  Louis,  derived  from  official  reports  of  that  city 
are  given  on  page  284,  but  perhaps  the  record  of  Idgh  service  in 
the  city  of  Boston  gives  the  nearest  approach  to  the  Memphis 
water  su|*ply  of  anything  available.     Table  I. 

The  writer  is  painfully  aware  of  the  fact  that  information  thus 
far  available  is  mueli  too  small  to  afford  a  basis  for  reliable  con- 
clusions. It  is  to  be  hoped  that  more  extended  observations 
will  be  made  in  the  future,  especially  on  the  relation  between 
the  water  supply  and  the  sewer  discharge- 
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The  subject  will  be  continued  as  soon  as  further  information 
can  be  secured. 


TABLE  I. 


Table  showing  the  number  of  gallons  of  water  supplied  during 
each  hour  of  the  day  and  night  in  various  cities. 
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2,791,590 

1,^80,435 
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36,760 

34,874 

j      116,316 

82,518 

TABLE  II. 

Table  showing  observations  to  determine  velocity  of  flow  of  wa- 
ter in  brick  sewer  at  Memphis,  Tenn.,  by  passing  circular  floats 
4  inches  diameter  and  1  inch  thick. 

Diameter  of  sewer,  20  inches. 

Rate  of  fall,  1  in  460. 
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Date. 

LocATioir. 

DiSTANCR. 

Dbpth  of 
Watkr. 

Velocity  of 
Floats. 

Rbmaeks. 

Dec.  17, 1880.  Jackson  St.  to  Centre  Alley. 

1733  ft. 

13.75  In. 

2.58  ft.  per  set  oad. 

Dec.  20, 18S0. 

«(           «i           (t 

1733  •• 

1.3.75  " 

2.53      - 

Mean  of  11  floats. 

May  3,  1881. 

Jackson  to  Oyerton  St. 

420  " 

ii.ao  ♦• 

2  63      " 

Mean  of  4  floats. 

Jnnc  18,     " 

420  " 

12.00  •* 

2.60      •' 

Jackson  St.  to  Centre  Alley. 

1733  " 

11.50  •* 

2.82      •* 

July  13,     " 

Jackson  to  Overton  St. 

420  •' 

12.00  " 

2.57      " 

"         " 

Main  to  Front  St. 

600  *' 

12.00  •* 

2.82      " 

TABLE  III. 

Table  showing  the  probable  velocity  and  discharge  of  water  in 
a  brick  sewer  of  circular  cross-section.  Diameter,  twenty  (20) 
inches.  Rate  of  fall,  one  in  four  hundred  and  sixty  (1  in  460). 
Depth  of  water  in  the  sewer,  from  one  inch  to  twenty  (20)  inches. 

Determined -from  Kutter's  formula  by  the  use  of  Hering's  dia- 
grams, assuming  a  coefficient  of  friction  of  .015. 
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TABLE  IV. 

Table  showing  gaugings  taken  at  each  hour  during  the  day 
and  night  in  the  circular  brick  sewer  at  Jackson  Street,  Mem- 
phis, Tenn.,  with  the  corresponding  velocity  and  discharge  of 
water  as  determined  from  Kutter's  formula  by  the  use  of  Her- 
ing^s  diagrams. 

Diameter  of  sewer,  20  inches  (circular). 

Rate  of  fall,  1  in  460. 

Assumed  coefficient  of  friction,  .015. 


December  19th  and  20lh,  1880. 
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XVIII. 


ON  THE  COMPARATIVH  ANATOMY  OF  LOCOMOTIVE 

ENGINES. 

By  Georoe  BtTRKHAM  Js.,  Member  of  the  CliiK 
E€ad  Miiu  2lai,  188L 

In  some  respects  a  macliine  bears  a  close  resemblance  to  an 
animal,  and,  though  this  analogy  is  not  at  all  one  of  form,  but 

•tirely  of  function,  sti!l  it  is  not  out  of  the  way  to  speak  of  the 
,tomy  of  the  machine,  as  well  m  of  the  aninml.  Nothing 
cjould  be  more  unlike  in  appearance  than  a  horse  and  a  loci> 
motive,  and  yet  the  latter  is  simply  nian'^  substitute  for  the  for- 
mer in  its  most  important  capacitj  of  a  beast  of  burden.  Though 
so  entirely  dissimilar  to  tlie  eye  we  are  bo  conscious  of  the 
iilentity  of  function  of  the  two  that  we  constantly  speak  of  the 
engine  that  draws  us  and  our  goods  as  the  ^*  iron  liorse/^  and  I 
think  we  may  carry  the  analogy  further  than  the  mere  title,  and 
compare  the  metallic  bones  and  sinews  of  different  types  uf  en- 
gines,  with  the  same  protit  that  the  naturalist  derives  from  the 
comparative  study  of  fiesh  and  blood  mechanisms.  At  the  out- 
set we  must  note  one  striking  difference  between  the  study  of 
the  machine  and  tliat  of  the  animah  In  the  former  case  we  can 
usually  obtain  inside  or  authoritative  information,  as  well  an 
outside  knowledge,  or  that  derived  from  our  own  or  others  obser- 
vation ;  in  the  case  of  the  animal,  the  outside  knowledge  only  is 
obtainable*  In  other  words,  if  the  engineer  wants  to  know  why 
a  particular  lathe  has  exceptionally  long  shears,  h©  can  either 
watch  the  machine  at  work,  or  he  can  go  to  the  maker  and  ask 
liim  why  the  tool  was  so  constructed;  and  if  he  clothe  his  ques- 
tion in  language  sufficiently  polite  it  is  highly  probable  that  he 
%ill  get  a  satistactory  answer.  If  the  naturalist,  however,  wishes 
to  know  why  the  horse  travels  on  a  solid  hoof,  while  his  rela- 
tive the  cow  is  furnished  with  a  cloven  foot,  his  only  resource 
is  the  outside  method,  the  study  of  the  animals  themselves  in 
their  relation  to  each  other,  and  their  environment;  extending 
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his  researches  backward,  if  he  pleases,  to  the  dawn  of  animal 
history  as  recorded  in  the  rocks. 

The  machine  world  is  still  in  its  infancy,  and  hence  we  have 
abundant  data  of  both  kinds,  the  irmde  and  the  outside,  as  its 
historians  have  stood  in  the  double  relation  of  observer  and  pro- 
ducer; yet,  to  carry  our  idea  farther,  we  can  imagine  a  time 
when  an  archaeological  class  of  machines  will  exist,  all  records 
of  which  have  been  lost  or  destroyed,  and  which  will  have  to  be 
studied  with  as  little  assistance  as  that  granted  to  the  paleontolo- 
gist in  his  endeavors  to  unravel  the  mystery  of  the  fossil. 

Leaving  this  rather  barren  field  of  speculation,  let  us  apply  the 
method  of  observation  to  the  locomotive  engine,  and  see  what 
may  be  learned  therefrom.  Fig.  (1)  is  a  sketch  of  the  typical 
American  locomotive  boiler  of  to-day,  and  fig.  (2)  is  the  rear  por- 
tion of  one  of  the  earliest  engines  used  on  the  Camden  &  Amboy 
Railroad,  and  serves  as  a  type  of  the  construction  followed  for 
some  years. 

In  fig.  (2)  the  shell  and  furnace  are  both  cylindrical,  while  in 
fig.  (1)  the  furnace  has  flat  sides  and  face.  Now  the  cylindrical 
form  may  be  called  the  natural  shape  for  a  boiler,  as  this  is  the 
best  figure  for  resisting  the  expansive  force  of  the  steam,  while 
the  plane  sides  of  the  furnace  in  fig.  (1)  have  to  be  elaborately 
stayed  with  threaded  and  riveted  bolts  not  more  than  3i  to  4 
inches  apart  over  the  entire  surface. 

l>y  referring  to  sketch  (9),  showing  the  under  surfaces  of  the 
furnaces  in  (question,  we  may  see  why  the  simpler  gave  place  to 
the  more  complex  construction.  As  the  requirements  of  traffic 
demanded  larger  and  more  powerful  engines,  the  gauge  of  the 
track  remaining  i)ractically  fixed,  it  was  necessary  to  utilize  all 
tlie  available  space  between  the  engine  frames  for  the  combus- 
tion chamber  of  the  constantly  growing  boiler.  This  was  mani- 
festly impossible  with  the  cylindrical  fire-box,  and  hence  it  had 
to  give  way  to  its  rectangular  successor  of  to-day.  Fig.  (6)  is  a 
rear  view  of  the  rectangular  fire-box,  and  shows  how  the  rigidity 
of  the  gauge  has  caused  it  to  appear  contracted,  the  upper  por- 
tion swelling  out  beyond  the  line  of  the  frames.  This  result  is 
still  more  marked  in  narrow  gauge  engines  as  now  built,  some 
of  which  look  as  if  made  with  full  gauge  boilers,  with  abnor- 
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mally  contracted  furnaces  on  narrow  gauge  frames.  On  some 
ten^whc^l  narrow  gauge  engines  recently  made  at  the  Baldwin 
L4:icomotive  Works,  tlie  furnace  has  fairly  burst  it.^  bond;?,  so  to 
spt*ak,  abolishing  the  back  section  of  tlie  frame  altogether.  Fig. 
(It))  shows  this  construction.  The  frame  ends  in  front  of  the 
firc*box,  the  latter  exjmnding  so  as  to  carry  its  full  width  all  the 
way  down.  The  draw4>ar  is  atttiched  to  the  frame  and  carried 
through  the  ash-piin  just  under  the  grate. 

Mr.  Wootten,  of  the  Philadelphia  &  Reading  Railroad,  is  re- 
sponsible for  the  departure  from  the  usual  type  of  fire-box  shown 
^in  figs.  (7)  and  (8).  The  furnaeej  it  will  be  noticed,  rises  clear 
Ibove  the  frame,  spreading  beyond  it  in  such  a  way  that  a  %'ery 
large  grate  area  is  obtained.  It  is  proper  to  sttite  that  tlie  origi- 
nal idea  of  this  construction  was  to  render  possible  the  use  of 
coal  dust  as  fucL  The  objection  has  been  raised  against  this  fire- 
box that  it  raises  the  centre  of  gravity  of  the  engine.  This  is  cer- 
tainly the  case,  but  whether  dangerously  so  or  not,  depends  upon 
various  conditions,  especially  the  alignment  of  the  road  nsing 
the  engine*  I  have  said  that  the  boiler  shown  in  fig*  (1)  is  the 
t3^*ical  American  locomotive  boiler.  The  form  shown  in  fig. 
(3),  however,  is  pressing  it  closely,  and  may  eventually  displace 
it.  In  the  wagon- top  boiler,  the  portion  immediately  over  the 
furnace  ie  raised  above  tlie  shell  a  few  inches  to  aiford  steam 
room,  the  two  parts  being  connected  by  an  irregular  shaped 
piece  called  the  "gusset*' sheet.  This  part  is  not  only  difficult 
to  make  hut  requires  staying,  to  regain  the  strength  lost  by  de- 
parture from  the  simpler  form.  In  the  straight  boiler  the  shell 
is  made  an  inch  or  two  larger  in  diameter  than  in  the  wagon- 
top,  thus  providing  for  the  steam  room  that  it  would  otherwise 
lose.  Sometimes  the  straight  boiler  is  made  with  two  domes,  but 
more  frequently,  now,  with  one  dome  placed  about  the  middle 
of  the  shell  or  cylindrical  portion  of  the  boiler. 

Whatever  ditterences  boilers  may  exhibit  in  external  form, 
construction  of  furnace,  etc.,  they  are  all  alike  in  one  respect  — 
they  are  invariably  built  on  the  multitubular  plan.  This  fea- 
ture of  the  locomotive  has  remained  unchanged  since  George 
Stephenson  built  the  father  of  road  engines — the  Rocket,  The 
conditions  of  the  case  require  the  greatest  evaporative  power  iu 
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• 
the  least  compass,  and  no  better  method  has  yet  been  devised  to 

effect  this,  than  the  multitubular  boiler  with  the  forced  draught 
of  the  exhaust.  The  variations  that  we  do  find  between  the  fur- 
nace and  the  smoke-box  of  locomotive  boilers,  are  confined  to  the 
relative  gize  and  number  of  the  tubes  and  the  material  of  which 
they  are  composed.  In  this  country  iron  tubes  are  now  usually 
employed,  while  in  England  copper  is  generally  used.  It  is  in- 
teresting to  note  that  copper  fire-boxes  are  still  almost  al\»'ays 
employed  in  England,  while  here  we  have  abandoned  copper, 
first  for  iron,  and  now  for  so-called  homogeneous  or  low  grade 
steel.  Turning  to  the  extreme  front  end  of  the  boiler  we  find  a 
chamber  called  the  smoke-box,  that  has  recently  undergone  a 
curious  variation  in  what  is  known  as  the  extended  smoke-box. 
Fig.  (1)  shows  the  usual  form — a  cylindrical  chamber  just  large 
enough  to  allow  the  steam  pipes,  exhaust  nozzle  and  spark-ar- 
resting devices  to  be  comfortably  stowed  away  within  its  walls^ 
Fig.  (5)  illustrates  the  new  type,  and  it  will  be  seen  that  it  is 
simply  an  elongation  of  the  former  type,  to  perhaps  three  times 
its  usual  length.  The  object  of  this  extension  is  to  get  rid  of  the 
sparks  and  cinders  by  providing  a  dead  space  for  the  air  current, 
thus  allowing  the  heavy  particles  to  settle.  The  process  is  quite 
aiialagous  to  the  dead  ends  of  water  mains,  and  I  am  informed 
that  a  certain  railroad  in  New  England,  using  this  smoke-box 
obtains  enough  unbiirned  fuel — I  presume  it  would  be  classified 
as  pea  coal — from  its  engines,  to  furnish  all  tlie  steam  required 
in  its  repair  shop.  The  effect  of  this  smoke-box  on  the  external 
form  of  the  engine  is  very  marked,  as  it  puts  the  smoke-staek 
some  distance  back  of  its  usual  position.  Should  this  construc- 
tion be  employed  simultaneously  with  the  Wootten  fire-box  the 
effect  would  be  still  more  nuirked,  as  the  cab  and  the  smoke-stack 
would  then  become  the  central  instead  of  the  extreme  decoration 
of  the  engine.  In  fig.  (4)  we  have  the  simplest  form  the  boiler 
can  assume,  the  upright  tyj)e.  The  external  walls  of  the  fire-box 
are  not  only  eylindrieal,  but  they  are  continuous  with  the  shell. 
The  internal  walls  are  also  cylindrical,  and  the  crown  sheet  and 
lower  tube  sheet  have  merged  into  one.  This  "form,  however, 
is  only  a])i)licable  to  the  smallest  types  of  locomotive  engines — 
notal)lv  street  car  motors. 
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Ko  part  of  the  locomotivG  has  received  more  atteution  and 
tliouglit  that!  what  a  wagon  maker  would  call  its  mniiiiif^  ^t^ar^ 
iFiat  is  the  wheel^\  their  iiiunher,  arrangement  and  mutually  cori- 
nectiijg  parts.  Starting  with  a  single  pair  of  driving  wheels 
it  has  attained  two^  three,  four,  and  even  five  pairs  of  driving 
wheels,  as  more  and  more  tractive  power  was  demanded  of  it. 
The  first  engines  were  built  with  both  driving  and  carrying 
wheels  in  a  rigid  frame,  and  this  practice  is  still  the  rule  in  Eng- 
land, In  America,  however,  the  locating  engineer  of  the  early 
roads,  was  obliged  to  place  his  stakes  with  the  *■  most  road  forlhe 
least  money  "as  his  rnling  maxim;  hence  sharp  curves,  steej^ 
grades  and  unballasted  road  beds  became  the  rule,  and  the  me- 
chanical engineer  had  to  follow  with  engines  adapted  to  these 
conditions. 

Tlie  carrying  wheels  were  taken  out  of  the  rigid  frame  neces- 
rarity  occupied  by  the  driving  wheels  and  placed  in  a  truck, 
the  whole  carried  on  a  pivot  placed  centrally  under  tlie  front 
end  of  the  boiler.  Tbi.-^  constrnction  allowed  the  leading  wheels 
to  follow  the  sharp  curves  without  binding,  and  reduced  the 
rigid  wheel  base  to  the  distance  between  the  centres  of  the  front 
and  back  drivers.  Still  further  ease  of  motion  was  obtained  by 
suspending  the  bearing  block  upon  which  the  truck  swiveled 
from  links,  instead  of  fastening  it  rigidly  to  the  truck  frame,  thus 
permilling  the  whole  truck  to  sway  sideways  four  or  live  inches. 
An  ideal  sketch  of  this  truck,  known  as  the  swing  bolster  truck, 
is  showTi  in  Hg.  (11).  Fig,  (12)  is  an  exaggerated  sketch  showing 
the  action  of  the  truck  in  curving. 
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ON  COBBLE  STONE  PAVEMENTS. 

By  Prop.  Lewis  M.  Haupt,  Member  of  the  CSlab. 
Bead  June  4th,  1881. 

It  is  customary  in  organisations  of  this  kind  to  present  a  paper 
on  a  subjecty  assumed  to  be  of  interest  to  its  members;  I  had 
hoped  this  evening  to  reverse  this  natural  order  of  things  and 
present  my  subject  on  a  paper,  letting  it  speak  for  itself,  since  it  is 
said  that  there  are 

"  Sermons  in  Stones," 

but  I  have  been  reluctantly  obliged  to  relinquish  the  idea  of 
presenting  it  in  this  way,  finding  the  subject  too  unwieldy. 

In  my  perambulations  about  this  model  "city  of  homes"  my 
attention  has  occasionally  been  arrested  by  the  great  diversity  of 
size,  form  and  color  of  the  materials  used  in  paving  the  streets, 
and  of  the  very  imperfect  manner  in  which  some  of  them  per- 
formed their  functions,  so  that  I  have  recently  looked  up  the 
ordinances  relating  to  the  forms  and  sizes  of  paving  stones,  and 
find  as  follows,  June  12th,  1SG8. 

Calf  leal  blocks;  "depth  of  five  inches,  from  four  to  six  inches 
long  and  from  two  and  a  half  to  three  inches  wide." 

Rubble  pavements;  ** stones  of  irregular  shape,  depth  from  six 
to  nine  inelies  and  length  from  five  to  twelve  inches  with  flat 
top  surface  having  a  width  at  widest  part  not  exceeding  four 
inches." 

Cobble  stone;  "no  stone  shall  be  used  exceeding  nine  inches  or 
less  than  six  inches  in  depth,  or  showing  a  greater  length  of  face 
than  seven  or  less  than  four  inclies,  and  shall  in  all  cases  be  set 
close,  breaking  joint  with  their  greatest  length  upright  and  ver- 
tical as  to  position,  and  shall  be  rammed  until  no  further  im- 
pression can  be  made  u{)on  tliem  with  fifty-five  pounds  rammer/' 

From  tlie  above  specifications  it  will  be  seen  that  the  maxi- 
mum surface  of  a  "cobble"  should  not  be  more  than  30  square 
inches,  but  as  the  stone  is  supposed  to  be  oval  and  not  square,  it 
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would  probably  not  average  over  20  iiiches  and  its  vokime  not 
exceed  ItW  cubic  inchea 

Now,  it  is  not  my  intention  to  cast  any  reflections  upon  the 
present  efficient  management  of  the  highway  department^  nor 
even  upon  the  recent  past,  and>  as  we  all  know  irom  experience, 
how  difficult  it  is  to  tell  who  is  responsible  for  any  particular  de- 
tail of  extensive  workf?,  eonductetl  under  diBTerent  managementaj 
J  sliall  simply  make  a  statement  of  facts  to  show  how  closely  or 
loosely  the  inspectors,  if  there  were  any  in  those  days^  ioterjireted 
their  iustructions. 

The  single  cobble  stone  to  which  I  desire  to  call  your  attention, 
is  located  upon  one  of  tlie  principal  thorougbfarea  of  West  Phila- 
delphia and  upon  a  steep  grade*  Its  greatest  surface  dimension 
is  three  feet  and  two  inches  ^=  38";  its  least,  two  feet  and  one 
inch  —  25/'  In  form  it*is  nearly  rectangular;  its  mean  depth 
is  ten  inches.  The  accompanying  sketch  will  give  some  idea 
of  its  appearance. 


^ 


t 


Its  general  characteristics  are  as  follows:  A  compact,  homo- 
geneous, silicat'C  with  rounded  edges;  npper  suiface  nearly  Hat, 
with  concavity  near  centre,  usually  filled  with  dirt  or  ice;  ap* 
proximate  upper  area,  075  square  inches,  about  o  square  feet,  or 
over  half  a  yanl ;  volume  5  X  f  =  4.16  cubic  feet, 

Weif/ht  625  Ihit.  (which  is  sufficient  to  account  for  it?  absence 
this  evening,  since  the  two  (2)  men  I  had  employed  were  unable 
to  lift  it).  i-VEsuming  the  specific  gravity  to  be  2"!  or  IBO  lbs.  per 
ff>ot  it  will  give  a  volume  of  very  nearly  4  cubic  feet,  which  is 
but  little  less  than  that  computed  from  the  measured  dimensions. 

To  verify  these  calculations  I  selected  an  average  size  "cobble** 
stone  and^  determined  its  specific  gravity  to  be  2 J  and  its  dis- 
placement to  be  58  cubic  inches.  Its  weight  in  air  was  SO  J  ounces, 
or  5  lbs,,  9 J  ounces;  hence,  if  the  specific  gravities  of  the  sample 
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and  of  the  "cobble"  under  consideration  were  the  same  the  latter 
was  about  120  times  as  large  as  the  average  stone  allowed  by 
ordinance. 

Its  remaining  characteristics  are: 

Age,  unknown. 

Geological  position,  diluvial  drift. 

Genera,  boulder. 

Species,  cobble  stone. 

Use,  paving  block. 

Locus,  south  side  of  Chestnut  Street  in  front  of  school 
house,  west  of  34th. 
This,  it  is  true,  is  a  special  case,  but  instances  are  not  rare  of 
large  crops  of  round  heads  which  greatly  exceed  the  limitations 
of  the  city  ordinance;  notably,  in  front  of  Xos.  3  and  5  south 
34th  Street;  on  Woodland  Avenue  west  of  34th;  on  Market 
Street  east  of  same,  and  at  many  other  places. 

A  few  words  concerning  the  applicability  of  "cobble"  stones  to 
the  requirements  of  a  good  pavement  may  not  be  out  of  place. 

If  two  such  spheroidal  stones  be  held  in  contact,  with  their 
longest  axes  vertical,  it  will  be  seen  that  since  the  surfaces  are 
"double-curved"  there  will,  in  general,  be  but  a  single  point  of 
contact,  and  hence,  for  all  practical  purposes,  no  friction;  and  if 
one  such  stone  be  surrounded  by  others  of  various  sizes  and 
forms,  there  will  be  as  many  points  of  contact  as  there  are  ad- 
jacent stones,  but  these  points  will  very  rarely  lie  in  the  same 
horizontal  plane,  some  being  above,  some  in  and  some  below  the 
plane  through  the  centre  of  gravity  of  the  given  cobble.  Hence 
any  lateral  disturbance  of  any  one  of  the  surrounding  stones 
will  tend  to  produce  rotation  of  the  middle  one.  A  vertical  dis- 
turbance will  likewise  produce  a  similar  effect,  by  increasing  or 
reducing  the  lateral  pressure. 

The  stability  of  a  "cobble"  stone  pavement  is  therefore  almost 
solely  dependent  upon  the  firmness  of  its  bed,  and  the  wedging 
into  the  lower  interstices  of  the  gravel  upon  which  it  is  supposed 
to  be  laid. 

But  this  gravel  is  composed  of  a  certain  percentage  of  loam 
which  retains  the  moisture  so  freely  admitted  through  the  nu- 
merous voids  in  the  pavement,  and  no  matter  how  firmly  it  may 
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be  laid  in  dry,  warm  weather,  the  enormous  expansive  power  of 
clay  when  wet  or  of  water  when  frozen,  will  lift  it  bodily  during 
the  succeeding  winter.  The  heat  of  the  following  spring  causes 
the  substratum  to  dry  out  and  shrink  away,  leaving  the  surface 
stones  in  many  cases  unsupported,  and  the  consequence  is,  that 
in  a  few  weeks  the  so-called  pavements  are  cut  up  into  grooves  and 
ruts,  somewhat  resembling  a  ploughed  field  with  large  quantities 
of  loose  "cobbles"  lying  on  the  surface,  rendering  it  necessary  to 
repave  a  large  portion  of  the  streets  every  spring. 

I  do  not  propose  to  discuss  here  the  numerous  and  conflicting 
requirements  of  good  pavements  for  carriage  ways,  but  from 
what  has  already  been  said,  it  will  appear  that  the  durability  of 
the  structure  is  directly  proportional  to  the  size,  that  is,  mass,  of 
the  blocks  of  which  it  is  composed,  yet  the  danger  to  horses  from 
insufficient  foothold  is  inversely  proportional  to  the  size,  and  of 
all  possible  forms  that  could  be  devised,  the  "cobble"  stone  is  the 
most  unstable,  unsafe  and  unclean.  Its  only  recommendation  is 
the  low  price  at  which  it  can  be  laid,  but  the  cost  of  maintenance, 
if  properly  done,  will  make  it  as  expensive  as  the  best  Belgian 
block  laid  upon  concrete  foundations,  or  the  still  better  compressed 
asphalt,  so  far  as  our  experience  with  it  goes. 

The  Belgian  blocks  described  in  the  ordinance  are  too  short 
and  narrow,  requiring  stones  which  are  too  light  and  causing  too 
many  longitudinal  joints,  which  are  the  weakest  points  of  such 
pavements.  The  manner  of  laying  them  in  transverse  courses 
is  also  objectionable,  causing  greater  wear;  they  should  be  laid 
diagonally.  The  rubble  stone  pavement  is  simply  barbarous  and 
should  not  be  permitted  under  any  circumstances,  for  although 
more  durable  than  "cobble"  stones  it  is  much  more  sevete  on 
horses  and  vehicles. 
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DISCUSSION  OF  PAPER  VII,  VOL.  I. 

By  the  Author,  Pbof.  L.  M.  Haupt,  Member  of  the  Club. 
Bead  June  ith,  1881. 

The  Relation  of  Scales  to  Each  Other.  * 

In  a  communication  recently  received,  relating  to  my  paper  on 
the  scales  of  maps,  published  in  Vol.  I,  No.  1,  of  the  Proceedings, 
a  friend  remarks,  "considering  that  the  matter  of  the  scale  of  a 
plan  is  one  of  the  most  familiar  things  to  all  engineers,  and  in- 
volves only  the  slightest  fundamental  and  almost  axiomatic 
mathematical  conceptions,  I  think  it  is  remarkable  how  easily 
men  can  get  confused  over  it.  If  one  is  entirelj''  unfamiliar  with 
some  particular  practice  in  regard  to  it,  it  requires  a  mental 
effort  to  judge  impartially  of  the  merits  and  demerits  of  that 
practice,  and  Mr.  Coleman  Sellers  is  cited  as  saying,  *  There  is 
reason  in  all  things,  even  in  scales.' " 

Accompanying  this  letter  was  a  copy  of  the  Rules*  adopted  in 
July,  1878,  by  a  Board  of  Railroad  Commissioners  for  one  of  the 
states  down  East  "  in  regard  to  Records  of  Railroad  Locations, 
and  the  manner  of  keeping  the  same,"  and  my  attention  was 
called  especially  to  Rule  1,  which  reads  as  follows: 

"  Location  Maps  hereafter  filed  shall  be  made  upon  a  scale  of 

*RULES 

Prescribed  by  the  Board  of  Bailroad  CommUsionera,  under  Chapter  135  of  the  Acts  of 
1878  in  regard  to  Becords  of  Bailroad  LocaiionSj  and  the  manner  of  keeping  the  same. 

Rule  1.  Location  Maps  hereafter  filed  shall  be  made  upon  a  Bcale  of  not  less  thtsn 
four  hundred  feet  to  the  inch,  upon  cloth-backed  paper,  and  shall  be  firmly  bound  for 
record  in  looks  eighteen  (18)  inches  from  top  to  bottom,  and  thirty  (30)  inches  from 
back  to  front. 

Rule  2.  Said  maps  shall  show  the  courses  of  the  tangents  and  the  radii  of  the 
curves  of  the  centre  line  of  the  railroad  in  question ;  the  widths  of  land  taken,  speci- 
fying such  width  on  each  side  of  the  centre  line ;  also  the  courses  of  the  division 
lines  between  the  lots  over  which  the  location  is  made,  and  the  distance  between 
them  on  the  centre  line.  Where  but  one  track  is  laid,  tlie  position  of  such  track 
with  reference  to  the  centre  line  shall  also  be  shown,  in  order  that  the  boundaries  of 
land  may  hereafter  be  determined  by  measurements  from  the  track  as  laid,  if  the 
same  shall  not  have  been  changed.  Where  two  tracks  are  laid  it  may  be  presumed 
that  the  centre  line  is  midway  between  them.    Note. — The  courses  called  for  above 
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not  less  than  four  hundred  feet  to  the  inehf  upon  elothbacked 
paper,  and  shall  he  finnly  boun  J  for  ret'ord  in  books  eighteen 
(18)  inches  fronl  top  to  bottom,  and  thirty  (30)  inches  from  back 
<^  front"  In  commenting  upon  the  above  rule,  my  friend  says  : 
*"I  defy  you  to  determine  from  Rule  1,  as  actually  worded, 
whether  the  commissioners  forbid  scales  to  be  larger  or  smaller 
than  .000201  of  full  size  *  *  *''  and  he  adds  further  on,  '1 
consider, 


4  stations  to  the  inch. 

4  r 

1  inch  to  1  station.* 

10  feet  to  one  inch. 

^  inch  to  1  foot 

5  meters  to  one  centimeter. 

ri 

AH)2  meter  to  1  meter. 

4^(»0' 

.00020f 

1:  3333. 

^.^ 

0.0003  r  1. 

3333:  1. 

1% 

1:  0.0UU3, 

1  put  the  last  three  items  rather  to  show  what  mathematical 
expressions  we  should  be  led  to  by  analogy  than  because  I  regard 
either  of  them  as  really  inviting  ambiguity.  My  reason  for  pre- 
ference in  the  first  three  illustrations  1  think  valid^  and  incon- 
trovertible, though  of  less  importance  than  another  reason  which 
leads  to  the  same  preference. 

My  criterion  is  very  similar  to  your  statement  in  your  paper 
on  the  Scales  of  Maps  that  Hlie  given  material  object  to  be  re- 
presented by  the  map  or  drawing  is  the  unit  of  measure,  with 


insiy  be  either  mx^ndk  or  true,  but  the  maps  and  descriptions  must  fipecify  whbli  nrt 
given, 

Ki'LE  3*    Tlie  maps  sliaU  He  eertified  by  the  Directors  of  the  Corporation. 

Rule  4.  The  dentin  fit  ion  in  wriiinjET  mtji^l  in  all  rases  corresipotid  with  the  raapj 
.  lUe  two  taken  togetlier  mii^l  ]mv^  ihe  3u!>Atantial  certatDty  and  preeision  of  u 
(llGmy.mQ.) 

El'LE  5.  The  ranps,  when  deposited  iritli  the  Clerk  of  the  County  Comtnlsaionera, 
ulinl)  he  kept  for  pre»erviition  and  t^mT'eniernt  ^ef^&lenee  in  the  office  of  sftitl  clerk,  In 
u  mbinet  u^^eil  excln^ively  for  that  purpoifef  and  furnished  with  gheJvc:^  auflident  to 
jithiw  at  lea^t  one  separate  tiht4f  fur  the  mapa  of  each  cor|Hiration  owning  a  railroad 
wjlhin  the  cr>untj. 

Hulk  6.  A  book  shall  be  kept  in  the  office  of  eaeh  clerk,  in  which  phall  he  re- 
■^rded  the  nume  of  every  hjcalion,  the  time  when  it  was  tiled,  iihd  the  s  lie  If  where  it 
1m  deposited. 

Rule  7.  No  locution  after  it  haa  once  been  filed  shull  l>e  taken  from  the  oflice  of 
the  i^k*rk  for  any  purpose  eKcopt  ujvon  the  order  of  a  court  or  other  [jrfrper  anthuriiy. 

*  Here  meaning  by  station  ](K)  feei^ 
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which  the  other  is  to  be  compared ;'  but  as  you  are  pursuing  a 
different  line  of  enquiry  you  are  led  to  a  different  practical  result 
from  mine.  If  you  should  hereafter  *  *  *  discuss  the  same 
subject  in  some  other  treatise,  or  before  your  pupils,  I  hope  you 
will  give  it  a  careful  revision. 

In  replying  to  this  communication  I  have  said  among  other 
things  as  follows : 

The  doubts  concerning  the  meaning  of  Rule  1, 1  venture  to 
suggest,  arise  not  because  of  any  possible  misconception  of  the 
term  "400'  to  1"  "  but  from  a  misapprehension  of  what  is  meant 
by  the  words  **  leas  than  "  as  there  used.  Now  300  is  manifestly 
less  than  400,  but  as  such  a  scale  would  present  the  objects  more 
clearly  than  the  other,  it  is  evidently  not  the  intention  to  exclude 
it.  The  intention  must  be  to  prevent  a  too  minute  represen- 
tation of  the  objects,  by  using  a  scale  containing  more  than 
400'  to  1". 

What  do  we  mean  then  by  a  larger  or  smaller  scale  ?  Simply 
that  the  lepresentation  of  the  object  shall  be  larger  or  smaller. 
And  it  is  made  larger  by  taking  a  smaller  number  of  its  linear 
units  to  one  inch  or  other  unit  of  the  drawing.  The  difficulty 
liere  is  the  same  as  that  wliich  presents  itself  to  students  in  mak- 
ing corrections  for  measurement  made  by  an  incorrect  chain. 
They  suppose  if  the  cliain  is  longer  than  the  standard  they  must 
subtract  the  error,  and  if  shorter  add  it,  forgetting  that  tlie  chain 
is  a  divisor,  and  the  line  to  be  measured  a  constant  dividend,  and 
that  if  the  divisor  be  too  great  the  quotient  will  be  too  small,  so  that 
if  the  chain  be  too  long  the  error  must  be  added  and  not  sub- 
tracted. 

Hence  a  scale  of  100'  to  1"  would  be  technically  a  larger 
scale  than  one  of  200'  to  1"  although  the  units  expressing  the 
ratio  as  above  given  are  smaller;  but  if  it  be  remembered  that 
the  first  (juantity  is  a  divisor  and  that  the  scale  is  a  ratio  ex- 
pressed in  tlie  form  of  a  fraction  as  yj^  or  yiU*  ^^  doubt  can 
exist  as  to  the  first  being  the  larger  fraction,  for  the  quotient  of 
the  first  by  the  2d  is  2. 

li  it  he  rcmeml)ered  then  that  a  larger  scale  means  lar- 
ger representations  of  objects  in  the  drawing,  the  intention  of 
the  rule  becomes  clear,  and  it  may  be  written  thus : — Majhs  .  .  . 
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^hall  be  made  upon  a  scak  (such  that  the  objects  which  they  re- 
present shall)  not  (be)  less  than  (those  given  by  a  scale  of)  4U0' 
to  1''. 

My  preference  is  to  express  ecales  by  the  vulgar  fraction  rather 
than  by  the  decimal,  as  being  indicative  of  the  original  units 
used  in  tlie  ratio.  For  example  j^^^  shows  at  once  that  it  is 
48U0"  to  1'',  or  ^  by  12,  400'  to  1/'  while  its  decimal  equivalent 
JJUU2U|  sliows  nothing  until  the  scale  is  actually  drawn  and 
divided  up,  after  lirst  reducing  it  to  its  original  vulgar  fraction,  to 
obtain  the  units  of  division. 

You  confess  that  it  is  remarkable  how  easily  men  get  confused 
over  so  simple  a  matter.  Permit  me  to  suggest,  that  It  is  because 
of  the  ambiguity  as  to  the  meanings  and  applications  of  the 
terms  used,  that  this  trouble  arises.     If  you  will  try  the  simple 

rule  laid  down  in  my  paper^  and  express  all  scales  thus  -     tak- 

'it 

ing  n  as  the  object,  and  using  it  invariably  as  the  antecedent  or 
divisor,  all  difficulties  will  vanish, 

A  largir  scale  will  theti  be  s  ^^  m  X  ^-  where  m  is  a  whole  or 

mixed  number  or  improper  fraction.  A  mjiaUer  scale  will  be 
represented  by  the  same  formula  when  m  is  a  proper  fraction. 
By  ihh  method  it  will  appear  that  the  expressions  of  the  scales 
increase  or  decrease  in  value  as  the  lines  on  the  drawings  vary, 
and  there  can  be  no  confusion. 

Thus,  to  reduce  a  drawing  to  J  size  of  original  make,  m  =^  J, 

sad  the  formula  becomes  s  =  —  from  which  it  appears  that  the 

number  of  units  of  the  object  represented  by  1  inch  of  the  draw- 
ing must  be  doubled.     For  a  drawing  §  the  size  of  the  original 

we  have  a  =^  «- 

To  determine  the  relation  between  the  scales  of  two  maps  is 
also  a  very  simple  matter  when  expressed  fractionally.     Thus  let 

1  1  .         .  8^ 

one  of  the  scales  be  8  =^the  other  s*  =^—  the  ratio  will  be —  — 

n  m  B 

n 


m 


If  m  —  2?t,  then  a'  =   2"^^  *^^  ^qb^q  s'  is  |  of  «,  care  being 
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taken  that  the  unit  of  map  length  be  the  same  m  both  cases,  as 
1  inch  or  1  cm. 

It  should  also  be  remembered  that  the  terms  enlarging  or 
reducing  drawings  are  applied  to  their  linear  dimensions  only, 
and  not  to  the  areas  or  surfaces  which  they  may  represent  or  con- 
tain, for  these  must  vary  as  the  squares  of  their  homologous  lines. 


XX. 


THE  GR.\ND  WATER  WAYS  OF  PEXNSYLVANLl 

By  Col.  James  Wor&aix,  Member  of  the  Clabu 
Btad  Jmme  ISO,  1881. 

All  engineers  who  have  any  love  for  their  great  profession  and 
have  read  over  its  meagre  history,  are  aware  that  that  history  is 
scarcely  to  be  found  in  books ;  its  pages  are  composed  of  everlast- 
ing works,  lasting  at  least  as  the  material  of  which  they  are  com- 
posed. It  tells  its  stor}'  as  the  "  stones  of  Venice "  prate  of  its 
architecture,  nor  are  there  any  trumpeters  in  the  profession.  But 
what  engineer  has  forgotten  the  reply  of  the  grand  old  Brindley, 
the  man  who  ased  to  retire  to  his  chamber  in  the  daytime,  and 
close  the  shutters  in  order  that  he  could  construct  his  works  from 
comer  .*itone  to  cope  in  darkness  and  alone.  For  was  it  not  a 
saying  of  his  that  unless  a  man  could  so  construct  his  works  and 
foresee  them  finished  in  the  sable  loneliness  of  his  chamber, 
supine  on  his  couch,  before  a  blow  of  the  pick  was  struck  in  the 
field  "  he  could  not  construct  them  at  all."  No  engineer  who 
ever  heard  it  can  forget  his  reply  to  the  committee  of  Parliament. 
After  a  few  enthusiastic  remarks  of  his  on  the  subject  of  rivers, 
and  seeing  how  he  was  wrapped  up  in  the  subject,  "  Why  Mr. 
Brindley,"  said  one  of  the  committee,  "what  do  you  sup|>ose 
rivers  were  made  for?"  "To  feed  navigable  canals"  was  the 
immediate  answer. 

And  so  indeed  it  is  natural  for  an  engineer  to  think,  and  let 
this  be  the  text  of  what  I  have  to  say  this  evening. 
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Rivers  were  made  (amonpt  other  tilings)  as  a  moans  of  assist- 
ing mau  in  his  transportation :  Korean  their  assjstancu  be  re- 
jected, for  undoubtedly  they  aflford  the  cheapest  inland  niedinm 
for  that  vital  necessity.  In  a  word  the  material  of  wliieh  rivers 
are  composed  cannot  wear  out;  whilst  there  is  nothing  else  over 
or  through  which  transportation  can  pass,  that  not  only  doe^ 
wear  outj  but  the  renewal  of  which  is  coMly  in  comparison  witli 
the  expense  at  which  rivers  can  be  availed  of.  There  is  less  fric- 
tion in  river  transportation  than  in  any  other,  and  as  I  have  else- 
where stated  (a  mere  truism  by  the  way)  friction  may  be  set 
down  as  almost  the  sole  cause  of  labor  and  cost  in  this  world. 
Accordingly  we  find  almost  universally  all  over  the  eartlii  that 
wherever  man  is  invited  to  congregate  on  the  earth's  surface,  by 
fertility  of  soil,  and  geniality  of  climate,  these  rivers  are  to  be 
found,  and  most  especially  where  minerals  are  added  to  the 
wealth  of  the  soil  rivers  almost  invariably  exist  leading  from  the 
region  of  deposits  to  the  region  where  the  minerals  are  wanted. 

In  every  coal  and  iron  region  known,  there  are  to  be  found 
the  heads  of  streams  running  towards  the  ocean,  and  the  ocean 
itself  is  a  ready  made  water  way  to  all  parts  of  the  world.  Water 
transportation  then  will  never  be  abandoned.  It  is  a  necessity 
like  any  other  universal  necessity,  like  fuel,  tlie  metals,  the  crops, 
etc.  Pennsylvania  is  as  attractive  a  lot  of  land  invitipg  popula- 
timi  as  any  other  lot  of  the  same  size  in  the  worlrl. 

Its  rivers  are  capable  of  being  improved  to  the  most  effective 
gitate  of  navigation.  Its  soil  almost  "anticipates  the  labors  of  the 
husbandman,"  and  the  ore  of  all  the  useful  metals  and  deposits 
of  the  best  kinds  of  fuel  are  to  be  found  almost  "struggling 
through  its  surface," 

Where  are  all  the  great  commercial  cities  to  be  found  ?  In- 
variably at  or  near  the  mouth  of  some  important  stream  whicli 
permeat-t^  the  back  country  and  brings  down  the  products  of  the 
vallej^s  for  shipment  on  the  ocean  to  other  countries  where  they 
are  wanted- 

When  William  Penn  came  to  examine  the  location  of  that 

magnificent  rectangle  granted  to  him  by  diaries  II,  the  first 

feat u  re  h e  1  ook  ed  a fter  w as  the  loca  t i o n  of  i  ts  st r ea m  s .     H  e  fo  u mi 

f the  Susquehanna  and  its  branch e^^  inviting  transportation  and 
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extending  over  the  eastern  half  of  the  territory,  and  the  Ohio 
and  its  branches  equally  draining  the  western  half;  the  tenitoxy 
being  divided  almost  equally  by  the  Allegheny  mountains  pass- 
ing through  it  on  a  diagonal  from  N.  E.  to  S.  W.  the  one  half 
of  his  grant  sending  its  products  to  the  Mississippi  valley,  and 
the  other  half  to  the  Chesapeake  Bay ;  whilst  a  considerable 
corner  contributed  its  quota  via  the  Delaware  river, — and  as  if 
that  was  not  enough ;  streams  heading  in  Pennsylvania  de- 
bouched into  the  lakes;  so  that  the  delivery  ports  of  Pennsyl- 
vania were  to  be  found  thousands  of  miles  from  each  other.  Some 
upon  the  waters  of  the  Gulf  of  St.  Lawrence  others  upon  those 
of  the  Gulf  of  Mexico;  whilst  the  Delaware  and  Chesapeake  bays 
both  attracted  commerce  in  their  direction.  He  found  that  the 
Susquehanna  waters  the  very  centre  of  his  empire,  or  as  he  called 
it,  his  commonwealth  ;  but  he  also  found  that  the  Susquehanna 
led  the  products  south  of  his  jurisdiction.  He  saw  this  disad- 
vantage almost  as  soon  as  he  got  his  first  maps  drawn  and  im- 
mediately sought  a  remedy.  His  first  idea  was  to  establish  bis 
seaport  at  Chester,  which  had  a  fine  harbor  and  was  far  enough 
from  the  ocean  not  to  be  affected  by  its  storms.  But  the  Susque- 
lianna  drained  his  territory,  and  rival  ports  might  spring  up 
l)elow  its  nioutli  on  the  Chesapeake  bay,  and  deprive  him  of  the 
advantage  to  be  derived  from  a  seaboard  city  in  that  region.  His 
attention  was  tlien  attraeted  to  the  ^Scluiylkill  by  means  of  wliieli 
lie  might  cross  the  divide  and  intereept  the  trade  of  the  Susque- 
hamia,  at  a  point  say  80  or  KK)  miles  above  the  mouth.  He 
then  ehanged  the  location  of  his  commercial  depot  to  the  mouth 
of  the  Schuylkill,  depending  upon  an  artificial  navigation  in- 
land to  the  valley  of  the  Suscjuehanna. 

It  must  be  remembered  tliat  even  at  that  day  internal  naviga- 
tion was  not  a  new  science  by  any  means.  Some  of  the  most 
perfect  canals  in  the  world  had  long  been  constructed  and 
were  in  full  operation  in  France,  Italy,  and  in  Holland;  canals 
which  have  scarcely  been  improved  upon  at  the  present  day. 
The  greatest  engineers  the  world  has  known  liad  lived  before 
William  Tenn's  time.  The  beginning  of  the  Sixteenth  Century 
amongst  the  inmiortal  artists  which  it  had  produced  had  not 
forgotten  engineers,  and  works  constructed  at  that  time  were  in 
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principle  as  perfect  as  any  works  of  the  kind  existing  at  the  pre- 
sent day.  Some  of  the  greatest  of  the  artists  (pajutctrs)  of  that 
time  were  also  both  engineers  and  architects,  as  witness  the 
Angdos  and  the  Da  Vineis,  So  William  thought  he  could 
remedy  by  art  the  accident  which  lead  the  streams  of  his  terri- 
tory out  of  it,  and  thus  Philadelphia  was  located  where  it  is. 
Pcnns  idea  was  not  forgotten  by  his  successors.  Kitten  house, 
Franklin,  and  other  great  scientists  kept  their  eyes  constantly  on 
the  idea  of  diverting  the  trade  of  the  Susquehanna  to  the  Dela- 
ware by  artificial  moani*,  and  tlie  Schuylkill  through  its  improve- 
ment was  to  aid  in  this  expedient.  It  was  even  then  hoped  that 
a  canal  could^beeonstructed  to  the  lakes  by  the  aid  of  the  Schuyl- 
kill and  the  Susquehanna,  and  if  any  one  will  examine  Frank- 
lin's, he  will  find  therein  a  clause  leaving  some  10  or  12  thousand 
pounds  to  aid  the  gvmi  undertaking. 

But  turnpikes  sprang  into  existence,  McAdam,  first  called  the 
Colossus  of  Roads,  an  addition  since  inlieritcd  by  otliers,  immor- 
talized himself  with  his  broken  stone  ballast  ais  it  was  called,  and 
the  **C^nestoga  wagon/*  carrying  a  ton  to  a  horse»  served  as  an 
intermediate  expedient  between  common  roads  and  canals.  The 
turnpike  was  less  expensive  than  the  canal  in  original  construc- 
tion, and  proved  to  be  ca[mhle  of  turning  aside  a  large  portion  of 
the  trade,  which  trended  down  the  Susquelianna  to  Baltimore. 
The  Conostoga  was  actually  believed  at  the  time  to  be  tlie  per- 

rted  means  of  transportation.  The  great  Phi  lade)  jihia  mer- 
chants, many  of  them,  believed  that  it  could  not  be  improved 
upon,  and  Pennsylvania  vibrated  with  the  bells  of  the  great 
London  dray  horses  ;  the  Barclay  and  Perkins  breed  which  had 
been  transplanted  to  our  turnpikes^  and  carried  the  products  of 
the  interior  to  Pennsylvania's  seaport  These  horses  were  indeed 
the  finest  draught  horses  m  the  world,  from  Normandy  origin- 
ally, perhaps  destriers  or  war  horses  that  in  the  days  of  ehivahy 
had 

'*  Field  fFard  borne  some  voUaJit  knight 
And  champed  'til]  bit  itmi  horn  were  white 
Yet  f*juming,  tuiiM  obe^v  " 

reduced  at  last  not  to  chronicle  ** small  beer**  indeed  but  to  de- 
liver it  in  far  dififereut  casq(wc)s  from  those  their  former  masters 
wore. 
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The  turnpikes  and  the  grand  old  "entire"  horses  and  Mc- 
Adam's  smooth  ballasted  way,  did  not  come  any  too  soon  to  effect 
their  object.  Already  had  the  wheat  of  Pennsylvania  brought 
down  the  Susquehanna,  given  celebrity  to  a  Baltimore  brand  of 
flour.  *' Howard  Street"  was  known  over  the  world  wherever 
our  products  went ;  and  not  until  Pennsylvania  turnpikes  had 
by  their  deliveries  equalled  that  brand  in  Philadelphia,  did 
its  special  superiority  in  reputation  disappear.  Turnpikes  in- 
deed caused  an  almost  perceptible  drawback  to  the  efficiency  of 
canals ;  canals  were  always  expensive  and  we  had  not  the  means 
to  make  perfect  ones  in  this  country.  So,  as  it  were,  they  were 
involuntarily  set  aside,  until  the  Erie  canal  was  fipished,  when 
they  began  to  look  up  again.  The  enterprise  that  created  the 
Erie  canal  was  emulated  in  Pennsylvania,  and  altliough  the 
physical  difficulties  in  the  way  of  their  construction  were  many 
times  greater  in  Pennsylvania,  yet  a  "Main  Line"  was  construct- 
ed here,  and  the  advantages  of  the  turnpike  were  improved  upon 
to  preserve  the  ascendency  of  Philadelphia  as  a  Pennsylvania 
entrepot  for  the  products  of  her  own  territory. 

Canals  were  gradually  perfecting  themselves  and  aiming  at 
the  pernuinence  and  efFicieney  of  works  of  tlie  kind  in  Europe. 
When  alnjost  at  this  moment  of  time  the  railway  with  its  loeo- 
niotive  came  into  play.  Its  wonderful  per  eentage  of  facilitit^ 
asserted  themselves  immediately.  The  public  was  astonished 
and  niaf^netized  as  it  were  by  the  close  approach  to  the  annihila- 
tion of  si)ac-e  which  was  effected — and  the  canal  stood  still.  The 
railroad  took  trans])ortation  to  itself  everywhere,  the  Norman 
destriers  were  sent  back  to  tlie  breweries,  or  left  there,  or  became 
farm  horses  and  were  harnessed  to  the  plough  or  the  harvest-wain 
— the  canal  stood  still — neither  its  construction  nor  it^  facilities 
attracted  the  inventive  genius  of  mankind;  whilst  every  man 
who  ever  thought  to  immortalize  himself  by  an  ingenious  appli- 
cation of  the  mechanical  powers  directed  his  mind  to  this  new 
and  wonderful  method  of  transj)ortation.  And  so  it  is  to  this 
day,  the  canal  is  standing  still  and  the  railway  is  improving  year 
after  year.  But  there  remains  by  its  side  an  inevitable  and  ever- 
lasting tendency  of  things.  No  matter  how  great  may  be  im- 
provement; no  matter  how  facilities  may  present  themselves; 
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there  is  uiie  eternal  principle  remaining,  whidi  regulates  every- 
tliing  ill  this  world  of  a  material  nature;  and  that  is  cost.  If 
any  one  thing  here  below  be  more  cheaply  attained  in  one  way 
than  in  anothnr,  the  cheaper  way  must  eventually  he  preferred. 
The  eaudu  uf  the  decay  of  nations  in  all  history  is  cost.  Facility 
attains  preference  for  a  timej  but  clieapness  conquers  in  the  end. 
All  great  nations  only  became  great  through  their  economies. 

Could  Venice  ever  have  risen  out  of  the  sea  had  she  not  furnish- 
ed mankind  what  he  wanted  more  cheaply  than  any  other  nation 
could  do?  Could  England  ever  have  attained  her  connnercial 
preeminence  unless  she  had  attained  that  preeminence  by  of  hir- 
ing better  facilities  to  the  world  than  could  he  elsewhere  attained 
and  at  a  lower  cost.  Venice  preceded  her,  Amsterdam  pr€*ceded 
her,  Lisbon  preceded  her.  But  the  Cape  of  Good  Hope  was 
doubled,  and  as  soon  as  England  found  that  orbit  to  the  East, 
and  by  her  superior  seamanship  could  obtain  goods  from  the  east 
by  that  line  and  sell  them  cheaper  than  the  rest,  the  rest  went 
down  or  st4:>od  still,  while  England  took  precedence.  True  Eng- 
land conquered  and  monopolised  the  productive  territory,  but 
she  never  could  have  dona  that  had  s^he  not  previouf^ly  attained 
facilities  through  the  multiplicity  of  her  customers  whom  she 
had  attracted  t^  her  mart3  by  cheapness. 

What  exi)lains  the  wonderful  advance  of  our  own  country  at 
thii-  moment?  W I ly  docs  the  rest  of  the  world  turn  attention  to 
U3  now?  It  is  because  of  cost  They  get  things  cheaper,  all  other 
things  being  equal,  from  us  than  from  others.  Therefore  let  it 
be  remembered  that  cheapness  conquers  in  the  end.  All  man- 
kind are  compelled  by  the  laws  of  nature  to  struggle  for  an  ex- 
istence here.  Man  pays  for  it  by  the  swe^t  of  his  brow ;  and  he 
will  fulfil  the  obligation  that  is  upon  him  at  the  lowest  cost  and 
the  smallest  exertion.  The  precious  metals  are  its  measure  of 
value,  he  knows  the  labor  it  costs  to  attain  them  ;  and  strange 
to  say,  that  amount  of  labor  has  never  been  known  to  vary  to 
any  great  extent.  Every  ounce  of  gold  in  the  world,  if  its  avorago 
C50st  was  known  or  sought  and  found,  that  cost  would  equal  about 
fifteen  days  of  nmnual  labor,  and  every  ounce  of  ??ilver  wouhl  bo 
found  to  htLve  cost  .say  one  days  similar  w^ork.  This  luis  l>eon 
true  tliruughout  man's  eK])erience,  and  it  is  true  now.     j\js  theau 
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metals  then  are  the  measure  of  the  value  of  existence  on  this 
earth,  is  it  strange  that  all  things  should  be  regulated  through 
them.  Fifteen  days  hi  a  man's  existence  must  be  expended  in 
attaining  an  ounce  of  gold,  or  one  day  of  the  same  an  ounce  of 
silver.  And  this  rule  has  been  found  in  all  experience  to  be 
essentially  unalterable.  Existence  is  the  most  important  thing 
to  him  that  man  can  imagine,  and  whatever  affects  that  is  in- 
trinsically essential  to  him  ;  but  existence  can  be  reckoned  in  so 
many  ounces  of  gold  and  silver  because  it  is  sustained  indirectly 
by  these.  Are  not  then  gold  and  silver  the  measure  in  value  of 
every  conceivable  material  thing  or  state  of  things  while  man- 
kind remains? 

Transportation  is  one  of  the  great  interests  of  mankind,  it  is 
auxiliary  to  his  very  life,  as  the  kindly  fruits  of  the  earth  are 
and  its  cost  in  gold  and  silver  is  one  of  the  elements,  the  import- 
ance of  which  cannot  be  changed  or  avoided,  and  the  cheaper 
mode  must  eventually  be  preferred  to  the  dearer. 

It  costs  a  man  fifteen  days  work  to  attain  an  ounce  of  gold. 
How^  much  of  such  labor  does  it  require  to  transport  a  ton  of 
goods  through  a  mile  of  space?  Transmute  that  labor  into  gold ; 
and  of  the  expedients  adopted  to  effect  that  transportation,  the 
cheapest  will  be  chosen  in  the  end.  This  is  a  law  of  nature 
and  cannot  be  set  aside  any  more  than  the  laws  of  gravity  can 
be  avoided.  It  stands  to  reason  as  I  have  before  said  that 
water  is  not  worn  out  by  a  vehicle  passing  through  it,  and  the 
vehicle  is  but  little  worn  by  the  gentle  friction  it  experiences  in 
passing  through  w^ater.  It  is  true  that  water  runs  away  and 
must  be  replaced  at  some  cost,  but  such  cost  can  be  previously 
ascertained  to  a  very  close  degree  of  nicety,  and  that  replacement 
is  certainly  cheaper  than  the  replacement  of  so  much  iron  or 
steel  used  for  the  same  purpose,  let  the  iron  or  steel  last  as  long  as 
either  may.  Iron  bearing  on  iron  to  the  extent  of  many  tons 
to  the  square  inch,  and  moving  at  a  high  velocity,  must  have  a 
recii>rocal  w^earing  effect,  scarcely  comparable  to  the  wearing 
effect  upon  a  l)oat  passing  through  water.  This  truth  cannot  be 
got  rid  of  by  any  conceivable  arrangements  or  circumstances, 
and  water  transportation  must  be  cheaper  than  any  other  system 
as  yet  discovered.    But  at  present  there  is  a  furore  in  favor  of 
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railways,  on  accomit  rjf  i\mv  magnificent  velocities  and  on  ac* 
count  of  the  unexampled  activities  uf  niauKind  at  this  time, 
whieli  they  have  inuinly  eauseJ,  Tlier*Mire  arguments  in  tlieir 
favor;  where  velocity  is  of  preponderating  ioipurtance.  Nor  will 
tiioy  Ije  thrown  out  of  use  unless  the  power  of  navigating  the 
aUnnsphere  safely  sliould  be  attained. 

But  for  the  transportation  of  tons  of  dull  matter  they  mu.st  be 
i^ei  asitle  in  favor  of  canals,  whero  there  is  no  special  luirry,  and 
canals  will  revive  as  certain  as  fate.  Had  the  same  amount  of 
mechanical  genius  been  applied  to  the  improvement  of  canals 
winch  was  and  is  applied  in  reference  to  railways,  we  should 
he  using  the  latter  now  much  more  extensively  than  we  are. 
Economisation  has  scarcely  yet  been  thought  of  in  their  use.  But 
let  them  again  come  into  vogue,  and  wi;  shall  find  them  saving 
water  automatically,  in  which  case  it  is  plain  that  they  can  be 
tiscd  in  many  places  where  as  yet  they  have  scarcely  been 
thouglit  of. 

The  subject  of  water  transportation  has  been  brought  to  the 
attention  of  our  people  in  these  latter  ye^rs,  and  many  projects 
have  been  revived  which  were  supposed  to  have  long  since  been 
relegated  to  oblivion.  For  grand  communications  from  tlie  in- 
terior to  the  seaboard,  the  physical  geograpliy  of  Pennsylvania  is 
not  by  any  means  unfitted.  The  upper  branches  of  the  Missis- 
sippi valley  (some  of  them),  are  found  within  the  territory  of 
Pennsylvania,  and  indeed  the  same  may  be  said  in  respect  to  the 
Laurentian  valley :  the  two  grand  outlets  of  our  grand  continent 
— *the  one  debouching  into  the  Ciulf  of  Mexico  and  the  other  into 
the  Gulf  of  St.  Lawrence.  Can  these  valleys  be  tapped  and  their 
vasit  wealth,  a  portion  of  it,  attracted  to  intermediate,  ports  on  the 
Atlantic? 

There  are  many  points  where  both  valleys  can  be  tapped  both 
north  and  south.  The  Erie  Canal  has  tapped  the  lakes,  the 
8t,  Lawrence  valley  and  the  Ohio  may  be  connected  with  at 
variouj^  points  from  its  mouth  upwards;  the  uppermost  and  not 
by  any  means  the  least  important  or  economical  point  being  I'itts* 
burgh. 

And  indeed  the  lakes  may  be  connected  with  the  Atlantic 
porta  of  Pennsylvania.    She  is,  besides^  a  competitor  with  \'ir- 
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ginia  in  respect  to  the  middle  Ohio,  and  may  compete  with  New 
York  in  drawing  toward  her  seaboard  a  considerable  quota  of  the 
lake  trade. 

It  has  been  seen  that  streams  heading  in  Pennsylvania  fall 
lx>th  into  Lake  Erie  and  Lake  Ontario.  These  streams  bead 
within  a  few  yards  of  other  streams  which  fall  into  the  Atlantic 
rm  the  Delaware  and  Chesapeake  bays,  and  indeed  into  the  Mex- 
ican Gulf  And  the  highest  elevations  to  be  overcome  average 
from  1400  to  1700  feet  above  the  level  of  the  sea,  the  elevation  of 
the  Ohio  at  Pittsburgh  being  700  feet. 

If  water  is  attainable,  lockage  amounts  to  the  delay  of  passing 
locks,  and  as  it  is  as  easy  to  measure  the  available  water  of  a 
piece  of  territory  as  it  is  to  measure  its  area  the  question  of  water 
can  always  be  settled.  It  is  remarkable  that  the  immensely  rich 
mineral  territory  of  Pennsylvania  is  permeated  by  streams  which 
can  be  made  navigable,  and  these  streams  can  be  so  improved  as 
to  connect  with  great  lines  running  either  east  or  west,  i.  e.,  to 
the  Atlantic  or  to  the  Mississippi  valley  or  the  Laurentian  val- 
ley. 

The  Congress  of  the  United  States  took  up  the  subject  of  the 
location  of  the  great  water  lines  from  the  interior  to  the  seaboard, 
and  the  attention  of  the  States  interested  was  drawn  to  the  sub- 
ject in  1873-74.  The  States  were  called  upon  for  a  specification 
of  their  claims,  and  Pennsylvania  replied  by  indicating  three 
grand  trunk  lines  that  might  be  made  through  her  territory,  two 
from  the  Ohio  valley  to  the  Chesapeake  Bay,  and  one  from  Lake 
Erie  to  the  same  point  of  tide  water.  Members  of  Congress  asked 
for  appropriations  to  survey  or  explore  the  diifferent  lines,  and 
accordingly  in  1878,  1879  and  1880  appropriations  were  made 
with  that  view. 

The  writer  of  this  paper,  incidentally  by  a  letter  to  General 
Simon  Cameron,  at  that  time  Senator  from  Pennsylvania,  specified 
the  routes,*  and  by  mere  accident  was  afterwards  called  upon  to 
verify  his  specifications  by  actual  surveys.  Reporting  to  Cols. 
Mc(,'omb  and   Merrill  of  the  U.  S.   Engineers,  who  had   been 


^  See  Senator  Windoni's  Rep.'>rt8  on  Routes  to  the  Seaboard,  1874,  Vol.  1.  p.  234, 
and  .Appendix,  p.  96. 
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charged  by  the  Chief  of  Engineers  with  the  explorations.  It  will 
be  seen  by  the  paniplilet  submitted  herewith,  that  the  surveys 
were  made  and  the  Reports  published  by  order  of  Congress, 
which  were  re|>rinted  by  re^olntion  of  the  Legislature  of  Foiiti- 
sylvania,  sei^sion  of  1S8L  The  club  is  roiF^pectfully  referral  to  the 
latter  publication,  in  which  it  will  be  seen  that  the  routes  have 
been  gone  over  with  some  degree  of  care,  and  that  should  eanals 
ever  again  come  into  vogue,  of  which  the  writer  has  not  the 
@IiglJte^^i  doubt,  PenuBylvania  lays  claim  to  routes  which  cannot 
very  reasonably  In?  ignored  or  set  aside. 

The  Ohio  at  Pittsburgh  can  be  connected  with  the  east*  either 
vm  the  Allegheny,  Kiskiminetas,  the  west  branch  of  the  Susque- 
hanna, and  the  Juniata,  or  via  the  Alleglieny,  the  Red  Bank  and 
the  West  branch  of  the  Susquehanna;  and  tlje  Lakes  can  be 
connected  with  the  same  point,  the  head  of  Chesapeake  Bay  by  a 
branch  from  the  Erie  Canal  at  Montescuma,  about  150  miles  en^t 
of  Buffalo  via  Seneca  Lake,  the  Chemung  river  and  the  north 
branch  of  the  Susquehatma. 

The  first  two  connections  being  respectively  say  355  and  425 
miles  long,  the  tlurd  being  measured  from  Buffalo,  some  520  or 
530  miles  long,  -Tlie  first  two  will  be  equal  in  cost,  or  say  $4i),- 
OOO/XK)  each  J  the  latter,  although  longer  liue»  has  b€>eu  set  down 
at  §25/NH),0O0.  There  is  a  large  portion  of  the  hist  in  length 
which  will  hardly  require?  expenditure  at  alb  that  distance  being 
estimated  at  over  100  mile-?,  and  being  compoaed  of  the  long  level 
on  the  Erie  Canal,  about  70  miles,  and  Seneca  Lake,  which  is  37 
miles  in  length.  So  that  the  Northern  line  requires  new  con- 
struction on  no  greater  probable  length  than  cither  of  the  others. 
Hence,  the  comparatively  smaller  cost  of  the  Lake  line. 

The  ideas  contained  in  the  pamphlet  report  submitted  here- 
with it  will  be  seen  are  not  new.  The  subject  was  agitated  ex-_ 
tensively  more  than  half  a  century , ago,  and  the  highest  engi-i 
neering  talent  of  that  day  was  consulted  witli  favorable  results. 
Hydraulic  cnginet^ring  was  at  its  heiglit  at  tliat  time,  indet^d  for 
centuries  before.  Hydraulic  engineering  in  the  ancient  time 
created  nations:  mid  when  its  exertions  were  withdrawn  the  na- 
tions decayed. 

The  same  science  will  reauscitate  the  same  nations,  and  others 
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in  both  hemispheres,  when  again  consulted  ami  brought  into 
play.  So  that  an  old  opinion  from  that  source  is  perhaps  more 
valuable  than  a  new  one. 

The  statements  of  the  pamphlet  then  may  be  said  to  be  sus- 
tained by  the  highest  scientific  authoritj%  old  although  it  be. 
And  water  ways  may  yet  permeate  the  United  States,  notwith- 
standing the  present  ascendency  of  railways.  That  railways  will 
be  seriously  aflPected  by  such  a  state  of  things  need  not  be  feared. 
There  is  ample  work  for  both  modes  of  transportation.  The 
railways  will  only  give  in  where  they  are  beaten  by  cheapness. 
It  is  subtracting  from  the  accumulating  wealth  of  the  material 
world  to  adhere  to  a  dearer  mode  of  transportation,  and  the  in- 
evitable laws  of  economy  must  eventually  be  obeyed. 

This  principle  show^s  itself  in  many  places.    The  scrap  heaps, 
or  rejected  debris  of  old  iron  works  and  mines,  are  now  being 
raked  over  profitably  for  the  sake  of  bringing  to  life  again  what 
was  thrown  away  as  not  worth  overhauling.     And  who  can  doubt 
for  one  moment,  that  the  immense  amount  of  gas  and  oil  now 
suffered  to  escape  in  our  oil  regions,  making  the  surrounding 
atmosphere  almost  inflammable  will  eventually  be  economised 
to  the  last  cul)ic  foot  of  the  one  or  gallon  of  the  other.      Whilst 
on  our  railways  the  i)0\ver  which   is  now  sacrificed   to  velocity, 
without  feeling  the  loss,  will   be  applied,  every  pound    of  it,  to 
the  trans})ortation  of  things  economically  from  one  point  to  an- 
other. 

We  all  know  that  velocity  is  attained  from  the  same  source  as 
the  power  which  propels  lieavy  weights  slowly,  a  force  constantly 
and  reciprocally  transniutable,  there  is  no  real  necessity  for  an 
ounce  of  that  force  being  lost.     It  is  all  due  to  heat,  no  single  de- 
gree of  which  need  necessarily  be  thrown  away.     Keep   up  the 
railways  then  to  trans])ort  yourselves,  your  letters  or  your  fine 
goods,  but  let  tlie  ponderous  products  of  the  mine  or  furnace  b3 
urged  forward  without  unnecessary  velocity,  whereby  the   mate- 
rial of  which  your  goods  and  your  vehicles  are  composed   may 
both  last,  fulhlling  tlieir  utilities,  until  they  are   worn    out   by 
economical  use  and  not  frittered  away  in  an  idle  display  of  use- 
less and  uncalled  for  hurry. 

Itcspectfully  sulnnitted  with  the  Reports  on  the  Grand  Water 
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Ways  of  Pennsylvania,  priiiteil  by  oriier  of  Congress,  and  re- 
printed by  rosolmiou  of  tbe  Ctcneral  Assuaibly  of  Punusylvania; 
Sesdion  of  1881. 


DISCUSSION  OF  PAPER  X. 
Intercommunications  in  Cities,  Etc. 

Hea.d  Uy  Prtif.  U.  M.  11a.ui>t,  Mc^tnbitr  of  tb«  Club,  iiLiiaiiTjr  In^itb,  ISSL* 

Bv  Dr.  n.  M.  CMAKcfi  akd  PboF-  L,  M.  HAFPTt  Meml>ers  nf  ilw  ChiK 

Dk.  II  M  Chance,  Mny  7th,  1  SSL— Prof.  Haopt  truly  says: 
"  It  is  one  of  the  duties  and  privileges  of  enginet^ring  societies, 
knowing  the  posBibilities  of  their  profession,  to  consider  and  mg- 
gcst  plans  and  projects  which  tend  to  ameliorato  tlie  condition 
of  the  communities  in  which  tliey  are  loeatetj/'and  I  also  hold  it 
to  be  as  great  a  duty  and  as  high  a  privilege^  to  discuss  the  *'pro's 
and  a»iV  of  all  such  suggestions  or  plans.  In  his  able  and  in- 
structive article  he  has  ap|iroached  the  subject  from  a  purely 
financial  and  business  point  of  view^  and  has  dealt  witli  *'tmef 
space  and  poiter'*  as  though  these  were  rehited  in  their  btaring,^^ 
not  to  men,  women,  and  children,  but  to  machines;  and  to  sucli 
the  eonelusions  might  be  applicable,  but  w©  are  more  than 
machines^  we  need  air,  and  light  and  space,  and  any  conditions 
reducing  these  to  less  tlian  a  certain  fixed  quantity,  aggravates 
rather  tlian  'Vameliorates"  our  condition. 

It  m  ay  Ije  well  to  d  i sc u ss  so m  e  o f  th e  p roposed  i  rn  pro ve m  e n ts 
from  a  sanitary  and  moral  standpoint, — one  that  demands  more 
** space"  than  from  tlie  mechanical  considuratioii  might  seem 
necessary, — but  I  wonld  first  discuss  some  of  the  reasons  that 
have  been  advanced  to  show  the  necessity  for  the  diagonal  sys- 
tem, and  I  think  that  alter  they  have  been  analyzed,  tliey  will 
not  seem  so  cogent. 

It  is  true  that  every  person,  desiring  to,  travelling  in  a  diago- 
lal  course  across  a  rectangular  system  of  streets  must  lose  42  per 
cent,  of  the  time  actually  uecessary  to  accomplish  the  air-line 
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distance,  but  the  saving  to  such  by  the  opening  of  a  diagonal 
thoroughfare  amounts  to  but  29J  per  cent,  of  the  time  and  dis- 
tance he  formerly  travelled. 

Comparatively  few  of  the  residents  of  a  city  can  avail  them- 
selves of  the  diagonal  cut-ofF  for  more  than  a  fractional  part  of  the 
distance  .they  have  to  travel,  and  if  we  investigate  this  subject 
more  closely,  we  will  find  the  actual  saving  much  less  than  might 
at  first  sight  appear. 

Let  us  suppose  an  ideal  city  built  on  the  rectangular  plan  with 
diagonal  thoroughfares,  and  inquire  into  the  per  cenUige  of  dis- 
tance saved  to  the  travelling  public. 

mil  Ml 


The  annexed  cut  shows  such  a  city  consisting  of  fifty  main 
streets  running  north  and  south,  and  fifty  main  streets  east  and 
west,  running  i)arallel  to  the  main  thoroughfares  A.  B.  and  C.  D. 
The  main  streets  are  supposed  to  be  400  feet  apart  from  centre  to 
centre  and  GO  feet  wide.  The  business  centre  is  located  at  0.,  the 
centre  of  the  city. 

This  city  will  contain  2500  blocks  340  feet  square,  and  each 
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block  will  furnish  ^^uflit'ieiit  InuUling  area  to  coinfnrtaljly  lioiise 
4i>0  people^ — the  total  pojiuhiiion  bt?iug  one  milljon. 

If  we  estimate  the  possible  economy  of  time  and  distance  ac- 
cruing from  the  opetiing  of  tlie  diagoiuil  tlioroughfares  X.  Y. 
and  W.  Z.  by  supjX)5ing  tluit  one  hundred  persons  travel  daily  to 
and  from  each  block  to  the  business  centre  0*,  we  find  the  dis- 
tance travelled  before  the  opening  of  the  diagonals  h  0S4,S48 
niile-s  an  average  of  3AH  miles  for  eacli  person;  but  after  these 
thorough  fares  are  thrown  open  the  distance  is  lessened  lo 
708/jr2  miles,  an  average  of  3.20  miles  for  each  person, — a 
saving  of  about  IS^  per  cmL  (of  distance). 

But  as  much  of  the  travel  will  not  be  towards  0.,  but  in 
directions  nearly  at  right  unglen  to  the  diagonals,  as  from  a.  to 
//.  and  from  c,  to  d,  the  above  h  evidently  in  excess  of  the  actual 
average  per  eentage  of  distance  saved.  Again,  much  of  tlie  travel 
will  necessarily  be  in  a  direction  nearly  coincident  with  the 
coui-^e  of  the  rectangular  streets.  Assuming  that  tliis  direct 
travel  and  that  across  the  diagonals  amount  to  but  one-fourth 
of  tlie  total  travel,  the  18|  per  cent  is  reduced  U>  14^  ptr  cent, 
of  the  total  tniveh^a  saving  in  distance  of  21157  feet,  equivalent 
to  V}  minutes  in  a  i?treet  car,  or  ten  minutes  on  foot  per  dtrm.  for 
each  person. 

In  these  estimates  we  have  assumed  an  equal  distribution  of 
the  residences  of  business  men  throughout  the  city,  but  this 
never  exists;  each  man  chooses  for  his  residence  a  locality 
within  (to  him)  reasonable  distance  from  his  place  of  buj^iness^ 
one  that  can  readily  bo  reached  by  some  line  of  street  cars  or 
other  conveyanccj  and  the  average  distance  travelled  is  thereby 
greatly  lessened.  The  maeljinist  usually  resides  within  a  mile  of 
the  sliop;  the  weaver  walks  but  a  short  distance  to  the  mill ;  and 
it  is  (as  a  rule)  only  those  who  can  afford  the  time,  and  can  enjoy 
the  vvaik,  or  profit  by  the  morning  ride  to  read  the  newspaper, 
that  reside  at  considerable  distances  from  their  places  of  busi- 
ness. An  allowance  af  3.04  miles  per  day  is  probably  in  excess 
of  the  average  distance  travelled  by  one-fourth  the  population  in 
going  to  and  returning  from  their  places  of  business,^ — and  on 
this  basis  the  maximum  saving  has  been  shown  to  amount  to  (> 
or  10  minutes,  no  deduction  being  made  to  compensate  for  any 
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reduction   of  the  total  distance  by  reason  of  the  proximity  of 
residences  to  places  of  business. 

In  these  estimates  every  advantage  has  been  conceded  that 
could  possibly  accrue  from  the  diagonal  thoroughfares  in  a  city 
in  which  the  business  centre  is  at  the  intersection  of  the  diago- 
nals, and  the  maximum  saving  in  time  and  distance  is  found  to 
be  14i  per  cent,  but  the  proposed  system  could  not  possibly  ac- 
complish so  great  a  reduction  in  the  distance  travelled  in  Phila- 
delphia,— for  the  following  reasons : 

1.  Philadelphia  has  several  business  centres,  and  the  directions 
of  travel  do  not  (at  present)  converge  toward  Broad  and  Market. 

2.  The  Pennsylvania  avenue  thoroughfare  would  be  a  con- 
venience to  the  comparatively  small  per  centage  of  the  popula- 
tion residing  between  the  Schuylkill  on  the  west  and  a  line  drawn 
midway  between  Pennsylvania  and  Ridge  avenues  on  the  east. 

3.  The  Francis  street  diagonal  would  be  an  accommodation  to 
a  very  small  per  centage  of  the  travelling  public. 

4.  As  but  a  limited  number  of  railway  companies  could  lay 
tracks  or  run  cars  on  the  diagonal  thoroughfares,  the  saving  iu 
distance  and  running  expenses  to  these  corporations  would  be 
comparatively  slight. 

Even  assuming  that  the  railway  companies  save  as  much  in 
distance  as  the  foot  passengers  in  our  *' model  city," — an  average 
of  2957  feet, — this  would  amount  to  but  one-quarter  of  a  million 
dollars,  and  as  these  thoroughfares  would  lessen  the  distance  to 
be  travelled  they  would  probably  lessen  the  number  of  persons 
carried  by  the  companies  to  an  extent  that  would  probably  "wipe 
out"  this  $250,000.  The  benefit  to  the  street  railway  companies 
is  hardly  worth  considering,  the  travelling  public  would  be  the 
real  gainers. 

The  economy  of  time,  and  the  distance  saved,  although  under 
the  most  favorable  circumstances  amounting  to  but  14J  per  cent,, 
certainly  make  diagonal  thoroughfares  a  desideratum,  and  in 
designing  city  plans  these  advantages  should  not  be  forgotten, — 
but  is  it  advisable  to  open  such  thoroughfares  in  Philadelphia  ? 

In  this  city  the  distance  saved  would  probably  be  not  more 
than  half  the  maximum  of  our  "ideal  city"  or  about  one-quar- 
ter of  a  mile  for  each  person  compelled  to  travel  daily  between 
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his  residence  ami  place  of  business, — equivalent  to  three  minutes 
in  the  cars,  or  five  niinutes  on  foot 

Prof.  Ilaupt  states  that  his  plan  of  opening  diagonal  streets 
would  displace  J  J  per  cent  of  the  population  of  the  district 
thi-ough  which  they  ran,  but  us  tl^ey  would  increase  the  build- 
ing lines  by  more  than  7  per  cent,  the  number  of  people  who 
could  find  residences  in  the  district  w^ould  be  increased.  He  also 
says:  "At  present  many  of  the  blocks  are  simply  *hol]ow  squares/ 
By  opening  or  enlarging  streets  through  them,  the  available 
building  area  would  be  largely  increased  without  at  the  same 
time  crowding  out  any  of  the  i>opulation/'  Xo,  the  population 
would  not  be  *' crowded  out,''  they  would  be  crowded  in;  crowded 
into  houses  without  yards  or  gardens,  crowded  in  between  walls 
that  sliut  out  the  sunlight  and  the  pure  air  needed  by  allj 
crowded  so  close  that  contagious  diseases  would  more  easily 
spread,  so  close  that  there  would  be  no  play*yards  for  the  chil- 
dren, no  room  for  liowers  or  trees.  And  would  this  jmy'?  Yes, 
— financially. 

It  is  the  boast  of  all  those  who  are  proud  of  our  city,  that  she 
is  a  ciitj  of  homenj  not  tenement  houses.  Our  houses  are  roomy 
and  comfortablcj  and  what  city  has  yards  and  ganleni^  com* 
parable  to  ours?  The  benefit  the  children  derive  from  the  yard 
or  garden  is  inestimable.  In  it  they  have  a  place  to  romp  and 
play  under  their  m other *s  eye,  removed  from  the  dangers  and  the 
demoralizing  influences  of  the  public  streets. 

Crowding  means  disease,  immorality  and  death,^^ — can  we  afford 
to  court  those  visitors  for  tiie  paltry  gain  of  three  or  five  minutes 
a  day  ? 

Will  it  be  wise  to  take  the  space  now  occupied  by  yards  and 
and  gardens,  for  new  streetii  and  building  lots  on  which  the 
houses  must  stand  so  close  that  the  sunlight  can  rarely  find  its 
way  into  them?    These  are  problems  of  serious  interest. 

If  more  building  lots  are  needed  they  can  easily  be  found  ; 
to  Uje  north  J  the  west,  and  the  south  are  miles  of  unoccupied 
ground  J  and  to  make  this  available,  the  railroad  improvements 
suggested  by  Prof.  Haupt,  together  with  the  building  of  lliree  or 
four  rapid  transit  roail?^, — cither  elevated  or  underground, — will^ 
go  far  towards  solving  this  ditlieulty* 
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The  health  of  a  city,  other  things  being  equal,  will  vary  in- 
versely as  the  density  of  the  population,  and  the  sanitary  engi- 
neer must  always  strive  to  lessen  rather  than  to  increase  this 
density  if  he  is  working  for  the  well  being  of  its  inhabitants. 


By  Pkof.  L.  M.  Haupt,  May  21st,  1881.— At  the  close  of  his 
recent  remarks  upon  this  subject,  Dr.  Chance  kindly  handed  me 
his  paper,  with  the  request  that  I  would  reply  to  it.  This  I  now 
proceed  to  do  as  briefly  as  possible,  realizing  the  fact  that  pro- 
tracted discussions  are  apt  to  become  irksome  and  uninstructive. 
I  desire  to  thank  him  for  the  interest  he  has  taken  in  the  subject 
and  for  the  emphasis  which  his  paper  gives  to  the  beneficial  re- 
sults of  my  proposed  improvements.  We  are  agreed  concerning 
the  end  to  be  attained,  viz.,  the  enhancement  of  the  welfare  of 
the  community;  neither  do  we  differ  as  to  the  special  means 
proposed,  except  in  degree.  Dr.  Chance  apparently  supposes 
that  I  have  largely  over-estimated  the  beneficial  results  of  my 
plan,  and  evidently  misunderstands  my  statements,  so  that, 
starting  upon  an  erroneous  assumption,  he  proceeds  to  scale 
down  the  percentages  of  benefits  by  a  series  of  purely  hypo- 
thetical considerations  until  he  reaches  apparently  very  insig- 
nificant results. 

Now  I  propose  to  show  that  his  estimate  is  not  comparable 
with  mine  for  the  following  reasons: 

1.  His  data  are  entirely  arbitrary  and  are  applied  to  a  spe- 
cial case,  diff*erent  from  that  which  exists  in  this  city,  and  his 
percentages  of  resident  and  moving  population  are  also  as- 
sumed, whilst  the  data  in  my  paper  are  based  upon  actually 
observed  facts,  as  reported  by  railroad  and  other  companies,  by 
census  returns,  and  upon  distances  measured  on  the  city  plan. 

2.  His  "ideal"  city  has  an  area  more  than  four  times  that  of 
the  portion  of  Philadelphia  to  which  my  proposed  diagonals 
apply. 

3.  His  results  are  given  in  the  per  diem  saving  to  the  indi- 
vidual, whilst  mine  are  the  aggregate  per  annum. 

4.  Whilst  objection  is  made  to  the  diagonals  as  tending  to 
increase  the  density  of  population,  it  should  be  observed  that  in 
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his  "idear'  city  he  comfminbly  houses  AM  people  in  a  square  340 
feet  on  a  side,  giving  only  289  sq,  ft,  for  each  person^  wliieh  is  a 
greater  density  than  that  of  any  ward  in  Philadelphia,  either 
at  present  or  under  the  proposed  new  sysit^ni,  and  yet  his  argu- 
ment is  based  upon  the  alleged  fact  that  I  have  discussed  the 
questioji  merely  from  an  engineering  standpoint,  and  as  applica- 
ble to  maehines  and  not  men. 
These  points  I  will  now  consider  briefly  in  detaiL 
1.  Dr.  Chance  appears  to  be  under  the  impression  that  I  have 
based  my  estimated  benefits  upon  42  per  cent,  saving  of  dis-' 
tance  and  applied  it  to  the  entire  resident  population,  for  he 
exjjlains  that  the  saving  is  not  42  but  29J  per  cent,  and  that  this 
is  a|>plicable  only  to  those  persons  whof^ie  terminal  fKiints  are  cm 
the  diagonals.  This  I  concede,  and  it  is  what  I  have  said  in 
several  jiapers  on  this  subject.  I  regret  that  my  language  seems 
to  be  so  ambiguous  as  to  have  misled  any  one*  As  my  remark 
on  page  IIH  of  the  Proceedings,  Vol.  IL,  concerning  the  42  per 
cent  seems  to  have  originated  this  discussion,  **'I  rise  to  explain" 
that,  by  "distance  between  termini,"  I  mean  of  course  tlie  air 
line,  and  that  the  extra  distance  which  one  is  obliged  to  travel 
in  consequence  of  the  non-exlHtrncc  of  the  diagonal  is  42  per  cent. 
of  the  actual  distance  between  the  points,  I  do  not  state  that 
the  sarmtf  is  42  per  cent.,  for  if  the  diagonal  were  opened  then 
the  gain  by  it  as  compared  witli  the  distance  formerly  traveled 
would  be  about  30  per  cent.,  as  I  have  shown  in  a  paper  entitled, 
**Tlie  Best  Arrangementof  City  Streets/*  published  in  the  Frank- 
lin Institute  Journal,  of  April,  1877,  where  I  say  *Hhe  greatest 
economy  in  distance  will  be  in  passing  from  the  comer  to  the 
centre,  which  route  by  the  square  systexn  is  equal  to  L*,  and  by 
the  diagonal  to  _ 

T   /v-   ,  .     ,    .        WV      1.4142  70 

^y  i    the  ratio  being  ~t"  =  ^o^^  "    100 

This  gives  a  gain  of  30  per  cent.,  which  is  the  greatest  amount 
possible,  and  from  which  it  diminishes  to  zero  **  at  the  middle 
point  of  one  side  of  the  square. 

I  have  explained  my  position  thus  at  length  because  of  the' 
itemeiit  in  Dr.  Chance's  paper  imiilying  an  error  in  my  eom- 

*  L  being  ill  I*  leqgtt)  of  the  side  of  ibc  liirge  equare  uodt^r  coiiBidermUon. 
VOL.  n.— 21, 
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putations,  based  upon  an  alleged  saving  of  42  per  cent.  He  says  : 
"It  is  true  that  every  person  traveling  in  a  diagonal  course 
across  a  rectangular  system  of  streets  must  lose  42  per  cent,  of 
the  time  actually  necessary  to  accomplish  the  air  line  distance, 
but  the  saving  to  such  by  the  opening  of  a  diagonal  thorough- 
fare amounts  to  but  29  per  cent,  of  the  time  and  distance  he  for- 
merly traveled." 

This  statement  substantially  corroborates  all  that  I  have  said, 
so  that,  whilst  in  point  of  fact  we  are  agreed,  it  is  so  worded  as 
to  mislead  a  reader  into  the  belief  that  I  have  stated  that  the 
saving  was  42  per  cent.,  which  is  not  the  case.  But  admitting 
that  it  was  as  much  as  42  per  cent.,  it  would  not  affect  the  re- 
sults which  I  have  given,  for  they  are  based  upon  the  actual  dis- 
tances saved  as  taken  from  the  city  map,  and  the  figures  fur- 
nished by  the  railroad  companies  of  the  moving  portion  of  the 
population. 

Speaking  of  the  diagonal,  page  119  of  Proceedings,  I  say,  it 
would  reduce  the  distance  from  23,000  to  16,000  feet,  thus  saving 
1 J  miles  (or  30  per  cent.,  not  42)  for  every  person  required  to 
move  diagonally  across  the  heart  of  the  city;"  and  in  another 
place  I  add  that  "  by  any  means  the  distance  traveled  over  by 
this  vast  moving  population  could  be  lessened  but  one  mile,  it 
would  effect  a  saving,  etc."  (see  page  123).  I  do  not  wish  to  be 
misunderstood  as  stating  that  the  diagonal  would  save  IJ  miles 
to  all  of  the  moving  population,  but  only  to  those  persons  living 
on  that  line  and  doing  business  in  that  direction.  Then  I  pro- 
ceed to  show  what  the  result  would  be  if  one  mile  only  could  be 
saved  to  the  assumed  roaming  population,  and  in  this  estimate  I 
have  purposely  omitted  a  very  large  percentage  of  the  pedestrians. 

This  saving  may  also  be  discussed  algebraically  as  follows: 

The  distance  by  the  rectangular  system 

r\^         T  I     from  any  point  to  the  centre,  may  be  simply 

Nv      \y  represented  by  2x  +  y,  and  from  the  same 

\|     X*  point  via   the    diagonal  will  be  xy^  2  +  y; 

\.  the  ratio  {R)  of  these  distances  may  then  be 

xr  '2\       represented  by  R  = a  function  of 

1 — \         ^  2y  X  -\-  y 

two  variables.    The  percentage  of  saving  {S) 
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will  he  S  ^ 


{2x  +  y)^{zi/2^ij) 


100 


mMx 


in  which 


if  y  =  0,  we  have  S  =  {1  —  J07)  100  =  29.3  for  tfie  distanpa 
savad  by  the  diagonal  to  residents  on  that  line.    If  3r=  0,  that  is 

if  the  diagonal  be  not  used,  S  becomes     - 


ur 

nothing  saved. 

In  the  expression  for  R^  if  x  =  0^  J?  =  1,  or  the  distance  trav- 
eled must  be  equal,  and  if  y  ~  0,  i?  will  =  1.42,  or  the  gain  by 
the  diagonal  will  be  42  per  cent,  of  the  air  line  distance,  as  pre- 
viously stated. 

2,  To  obtain  his  results  Dr.  Chance  assumes  an  ide^l  city  of 
50  blocks  on  a  side,  each  340+ GO  ft.  square  with  only  two  diagon- 
als. Tli].^  makes  the  city  2i)fl0<)  ft.  square,  or  more  than  four  times 
the  size  of  that  portion  of  Philadelphia  to  which  I  have  applied 
the  two  diagonals  centering  at  Broad  and  Market  streets,  and  as 
the  percentage  of  benefit  from  a  diagonal  is  inversely  propor- 
tional to  tlie  area  of  the  square  whose  corners  it  joins,  it  is  evi- 
dent  that  deductions  from  his  special  case  are  not  applicable  to 
the  one  uniier  consideration. 

3.  In  making  up  his  estimate^  the  Doctor  assumes  that  one-fourth 
of  the  resident  population  will  pass  to  and  from  the  centre  of  the 
city  each  darjj  and  computes  the  distances  traversed,  first  by  the 
rectangular  system  as  =  084,848  miles  and  then  by  the  opening 
of  diagonals  as  —  798,9123  giving  a  gain  of  185,930  miles  per 
day,  which,  reduced  to  one  year,  the  basis  in  my  estimate  would 
give  a  saving  of  66,8<3f>,(>40  miles.  And  this  is  the  result  of  sav- 
ing only  18f  per  cent,  of  the  original  distances  by  the  rectangu- 

ir  system,  to  the  250j(.X)0  roaming  population. 

He  says  further,  however,  that  all  of  the  moving  population 
do  not  have  the  intersection  of  diagonals  for  their  objective  point, 
and  then  oMumm  that  only  three-fourth  of  the  original  one-fourth 
move  in  that  direction,  thus  reducing  the  amount  *no  14t  per 
cent,  of  the  total  travel,  a  saving  in  distance  of  2957  feet^^  for 
each  person. 

This  sujiposition  would  reduce  the  above  66  and  odd  millions 
of  miles  to  51,328,125,  which  at  the  very  low  estimate  of  two  (2) 
cents  per  mile  would  be  a  gain  of  $1,020,562,50,  and  this  is  the 


320  Haupi — Intercommunications  in  Cities.         [Proc.  Eng.  Club, 

result  as  deduced  by  Dr.  Chance  based  upon  a  city  in  which  the 
ratio  of  diagonals  to  area  is  only  about  half  that  of  the  case 
under  consideration  and  in  which  the  percentages  and  the  data 
are  all  assumed. 

It  shows  the  necessity  for  expressing  the  results  of  improve- 
ments intended  to  benefit  large  masses,  in  the  aggregate  rather 
than  the  individual  amounts  and  of  reaisoning  from  less  to  greater 
rather  than  the  reverse. 

But  Dr.  Chance  proceeds  to  state  that  his  14J  per  cent,  gain 
would  not  be  applicable  to  Philadelphia  for  four  reasons,  which 
are  briefly :  1st,  that  the  city  has  several  business  centres,  and 
that  the  direction  of  travel  is  not  towards  the  intersection  of. 
diagonals,  since  they  do  not  exist;  2d,  that  the  Pennsylvania 
avenue  diagonal  would  benefit  but  a  small  percentage  of  the 
population;  3d,  that  the  Francis  street  diagonal  would  likewise 
be  an  accomodation  to  a  very  small  percentage  of  the  traveling 
public;  4th,  as  only  a  limited  number  of  railway  companies 
could  use  the  diagonal  streets  the  benefit  to  them  would  be 
slight. 

These  points  may  be  briefly  answered  by  stating:  1st,  that,  in 
general,  the  greater  the  number  of  diagonals  and  business  cen- 
tres the  larger  will  be  the  percentage  of  population  benefited, 
provided  too  great  an  area  be  not  sacrificed  to  streets;  2d,  that 
the  assumption  implied  in  the  above  objections  that  the  opening 
of  diagonals  would  produce  no  change  in  the  directions  of  travel 
will  not  accord  with  the  fact,  for  travel,  like  water,  will  seek  the 
line  of  least  resistance;  where  the  travel  is  there  will  the  business 
be  gathered  together;  3d,  the  portion  of  the  population  benefited 
by  the  Francis  street  diagonal  will  be  independent  of  the  system 
proposed  for  Broad  and  Market  streets,  and  w^ould  ultimately 
become  very  large;  4th,  that  travel  may  proceed  on  a  diagonal 
in  two  directions,  either  convergent  or  divergent,  or  both,  and 
that  Dr.  Chance  evidently  considers  only  those  persons  desiring 
to  reach  the  centre  via  Pennsylvania  avenue  whilst  I  had  in 
view  the  removal  of  the  dangerous  railroad  crossings  at  grade 
and  the  facilitating  of  travel  to  and  from  the  park  from  the 
southern  and  southeastern  section  of  the  city,  and  oth,  I  do  not 
claim  that  the  benefit  to  the  str<;et  cars  will  amount  to  much  from 
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reduced  distance  as  their  traffic  is  olmost  entirely  local,  yet  they 
would  gtiiii  from  the  concentration  of  travel  and  business  upon 
certain  lines. 

In  tmnmiing  up,  notwitlij^tandin^^  the  apparentljf  insignificHnt 
results  arrived  at  as  exprcj^sed  l>y  Dr^fljance,  he  mxys,  "the  econ- 
omy of  time  and  the  distances  saved  *  *  certainly  make  djag- 
fintd  thoroughfares  a  ^kskhmtHm  and  in  designing  city  plans 
thc=e  arlvantagcs  should  not  be  forgotten,"  and  in  another  para- 
^^raph  in  reply  to  his  query;  would  they  pay?  he  answers/*  yes, 
tinnncially."  His  main  objection  then  to  such  a  system  seems  to 
he  based  exclusively  upon  sanitary  considerations,  and  because 
tlie  building  area  would  be  slightly  increased  enabling  a  corre- 
sponding increase  in  density  of  population  he  believes  thoy 
would  be  injurious  to  health.  , 

I  cannot  agree  m ith  hini  in  thi«  view  of  the  case,  for  whilst  it 
may  have  the  effect  of  slightly  increasing  the  density,  it  should 
not  be  forgotten  that  it  would  also  open  up  new  and  broad  aven- 
ues of  communicotionj  for  not  only  the  four  but  the  eight  winds 
of  heaven  to  circulate  freely  through  the  city,  and  that  there  would 
be  a  larger  volume  of  wimlemitie  air  in  circulation  than  unfler 
the  present  system,  provided,  tlie  street  cuntract€»rs  and  othei-s 
did  their  duty.  Too  much  air,  however,  is  not  always  a  blessing, 
for  if  health  is  a  function  of  plenty  of  air,  gardens,  flowers  and 
sufiliglit,  then  a  residence  isurronnded  by  all  of  these  should  ecr- 
t4iinly  Ije  a  boon,  and  of  all  tlie  homes  in  this  country  that  of  ils 
chief  magistrate  sliould  be  in  every  respect  possesHod  of  these 
essentials  to  health  and  hajjpiness,  and  apparently  it  has  them 
all| — parks,  trees,  grass,  llowei'?*,  air  and  sunshine;  but  do  tliey 
keep  out  disease?  no,  they  waft  it  in  from  its  nest  by  the  river 
side,  and  it  is  now  a  fact  that  the  lady  of  the  manor  lies  danger- 
ously ill  with  malarial  fever  contracted  from  breathing  poisonous 
air. 

My  point  is  that  air  to  be  wholesome  must  be  pure,  and  that 
nuniy  of  the  back  yards  in  this  city  are  filled  with  robl/i^b,  ashes 
and  refuse  of  all  kinds  forming  just  so  many  disease  centres,  and 
that  to  convert  them  into  street  areas  would  be  a  i^ain.  Moreover, 
I  do  not  think  the  opening  of  diagonals  would  sensil)ly  increase 
the  density  of  i>opnlatini]j  for  most  of  the  space  would  be  occu- 
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pied  by  stores  having  no  permanent  residents  other  than  janitors 
or  watchmen. 

From  a  sanitary  point  of  view  I  would  also  call  attention  to 
the  fact,  that  every  mile  or  half  mile  of  distance  saved  in  the 
heart  of  a  city,  is  just  that  jpuch  added  to  its  radius,  and  the  gain 
to  the  city  is  an  available  building  area  outside  of  its  former 
periphery,  having  a  length  equal  to  the  periphery  and  a  breadth 
equal  to  the  distance  saved.  Thus,  if  by  any  system  of  improve- 
ments the  distance  which  one  travels  daily  has  been  reduced 
from  2  miles  to  1  J,  he  may  go  a  half  mile  further,  and  probably 
find  larger  and  more  comfortable  houses  for  lower  rents,  without 
losing  any  time  or  distance  as  compared  with  the  old  system. 
Thus  the  individual  gains  not  only  financially  but  physically;  the 
real  estate  owner  gains  from  increased  demand  for  more  property; 
the  city  gains  from  increased  assessments  and  the  carrying  com- 
panies gain  from  the  greater  distribution  of  p)opulation.  In 
short  it  is  a  gain  all  around. 

As  a  sanitary  measure  therefore  I  believe  that  the  opening  of 
diagonals  would  be  highly  beneficial  even  in  Philadelphia,  and 
it  seems  to  me  inconsistent  to  object  to  them  on  that  ground,  and 
then  to  admit  that  a  population  of  400  persons  per  square  of  340  ft. 
on  a  side  may  be  comfortably  housed  in  a  city  where  the  total  popu- 
lation is  one  million.  This  would  give  as  I  have  already  show^n 
only  i89  square  feet  to  each  person,  a  density  greater  than  that 
of  any  ward  in  the  city. 

It  should  also  be  noted  that  these  diagonals  would  be  north- 
east and  north-west,  south-east  and  south-west,  and  hence  the 
buildings  upon  them  would  receive  a  more  equal  distribution  of 
that  great  disinfectant,  the  sunlight,  than  if  placed  on  the  meri- 
dians or  parallels,  and  in  all  new  cities  where  the  topographical 
and  other  considerations  will  admit  it,  the  rectangular  streets 
should  be  laid  out  in  these  oblique  directions  and  the  diagonals 
on  the  meridian,  thus  also  avoiding  the  east  and  west  glare  of 
the  sun  when  he  is  near  the  horizon  and  the  absence  of  shade 
on  the  north  and  south  streets  at  midday. 

But  Dr.  Chance  assumes  that  I  have  not  discussed  the  subject 
from  a  sanitary  point  of  view.  Let  us  see  if  this  assumption  is 
justifiable. 
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First,  we  must  determine  wbat  a  sanitary  consideration  is. 
I  should  define  it  generally  to  be  one  wliich  tends  to  increase 
longevity.  Thus  it  will  include  not  only  the  removal  of  all  in- 
salubrious and  noxious  substanr^es,  and  the  substitution  therofor 
of  life*giviug  elements,  but  all  measureis  tending  to  relieve  a 
community  from  overwork,  either  mental  or  physical,  or  from 
accident 

It  will  be  seen  then  that  the  improvements  suggested  by  me  are 
in  a  high  degree  sanitary,  as  they  would  cause  the  removal  of  piles 
of  refuse  and  debris,  would  open  up  new  avenues  for  the  more 
general  circulation  of  air  and  ditlusion  of  sun;  would  reduce  the 
difficulties  of  reaching  the  park,  that  magnificent  reservoir  of 
fresh  air;  would  diminish  the  risks  of  travel  in  any  direction  in 
and  about  the  city;  would  enable  the  people  to  scatter  out  into 
tlie  more  rural  districts  without  loss  of  time  and  money,  and 
would  effect  a  great  saving  of  time^  energy  and  annoyance,  by 
concentrating  business  within  narrow  limits. 

The  only  offset  to  all  these  benefits,  is  the  alleged  slight  in- 
crease of  density,  whicli  would  be  possible,  but  which  I  do  not 
think  probable,  for  the  reasons  already  given. 

Only  last  week,  witliin  two  days,  five  persons  were  either  killed 
or  seriously  injured,  from  being  struck  by  trains  at  grade  cross- 
ings within  four  miles  of  the  centre  of  tlie  city-    Two  of  these 
^accidents  were  on  Willow  street,  one  at  Thirteenth,  the  other  at 
Broad,  another,  not  published,  at  Ninth  and  Jefferson. 

In  closing  his  comments  Dr.  Chance  says;  "The  health  of  a 
city,  other  things  being  equal,  will  vary  inversely  an  tlie  density 
of  its  population.  Tlvis  is  true,  but  unfortunately  it  can  uot  be 
applied  to  any  eaftc,  for  part  of  this  element  of  health  is  covered 
I  by  the  expression  "  other  things  being  equal.^*  Now  as  they  never 
ire  equal,  and  never  can  be,  it  is  difficult  to  say  just  how  much 
disease,  etc.,  is  due  to  increased  density,  Washington  is  probably 
as  sparsely  settled  as  any  city  in  this  latitude,  and  is  said  to  have 
the  widest  streets  of  any  city  in  the  world.  It  has  been  under 
the  care  of  talented  engineers  ever  since  its  incorporation,  and 
we  would  therefore  naturally  expect  to  find  it  the  most  salubri- 
ous place  in  the  East ;  but  unfortunately  the  statistics  show  its 
death  rate  to  be  higher  than  that  of  our  own  city,  with  its  cobble 
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stone   pavements,   inefficient  street-cleaning   system,    and    foul 
water,  chemical  experts  to  the  contrary,  notwithstanding. 

Having  given  as  I  believe  due  weight  to  the  arguments  of  Dr. 
Chance,  I  fail  to  see  that  the  opening  of  diagonals  will  be  in  any 
degree  detrimental  to  the  health  of  the  city,  and  will  not  detain 
you  longer  by  protracting  this  discussion. 


ABSTRACT  OF  MINUTES  OF  MEETINGS. 


Of  the  Club. 

March  5th,  1881. —  Regular  Business  Meeting. — Vice-Presi- 
dent Henry  G.  Morris  in  the  chair.    Twenty-six  members  present 

The  following  amendment  to  Article  XV  of  the  By-Laws  was 
adopted :  To  strike  out  the  opening  sentence  and  insert  in  lieu 
thereof  the  following :  The  annual  dues  of  Resident  Members  shaU 
be  $7.50,  and  of  Non-Resident  Members  $5.00,  payable  February  Isf, 
and  the  initiation  fee  slwll  be  $5.00. 

A  resolution  of  thanks  to  Mr.  Winthrop  Sargent  for  photo- 
graphs j)resentecl  by  him  to  tlie  Club,  was  passed  and  the  Cor- 
responding Seeretary  was  directed  to  extend  to  him  the  privi- 
leges of  the  rooms  of  the  Club. 

Mr.  A.  \\.  Roberts  tendered  his  resignation  as  Treasurer  of  the 
Club,  and  requested  that  a  eommittec  be  appointed  to  audit  his 
aeeounts.  His  resignation  was  accepted,  the  thanks  of  the  Club 
returned  for  liis  services  and  liis  accounts  referred  to  the  Finance 
Committee. 

Maiuit  10th,  1S81. — Iicgular  Meeting. — Vice-President  Henry 
(\.  ^h>rris  called  Past  President  L.  M.  Haupt  to  the  chair. 
Twenty-one  members  and  one  visitor  i)resent. 

Col.  Wm.  Ludlow  read  a  {)aper  entitled,  "An  Outline  Sketch  of 
Modern  Military  Engineering." 

Prof.  L.  M.  irau{)t  read  a  paper  descriptive  of  the  Deflecting 
Armor,  designed  by  Mr.  X.  B.  Clark,  Past  Asst.  Engr.  U.  S.  N., 
for  sea-coast  defence.     The  inventor's  improvements  are  based 
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upon  the  fact  that  it  is  much  simpler  to  resist  the  effect  of  a  pro- 
jectile by  deflecting  it,  than  by  opposing  it  by  thick  masses  of 
inert  matter,  as  is  evinced  by  the  " ricochetting "  of  a  shot  upon 
the  water.  He  protects  all  the  vital  parts  of  the  vessel  by  an  iron 
shield,  convex  upward,  placed  below  the  water  line,  and  so 
curved  that  a  shot  cannot  strike  point  blank.  The  guns  are 
mounted  upon  the  back  of  this  shield,  but  encased  in  double 
convex  discs,  which  are  practically  invulnerable.  They  are 
worked  by  very  ingenious  but  simple  (Jevices  in  the  hold,  and 
loaded,  swabbed  and  run  into  position  for  firing,  by  hydraulic 
pressure.  It  is  claimed  that  by  this  means  a  great  economy  is 
effected  in  the  weight  of  metal  required  for  attack  and  defence, 
the  vessel  is  more  readily  handled,  more  seaworthy  and  is  invul- 
nerable. The  principle  may  be  applied  equally  well  to  the  con- 
struction of  batteries  for  defence  on  shore. 

Mr.  H.  A.  Vezin  read  a  paper  upon,  "Notes  from  a  Journey  in 
Southern  Russia." 

April  2d,  1881. — Special  Business  Meeting.  Vice-President 
Henry  G.  Morris  in  the  chair.  Thirty-four  members  and  two 
visitors  present. 

The  resignation  of  Mr.  Wilfred  Lewis  from  the  office  of  Re- 
cording Secretary  was  read  and  accepted. 

The  following  gentlemen  were  elected  Active  Members  of  the 
Club,  viz.:  Messrs.  M.  Van  Harlingen,  Gouverneur  Morris,  Edwin 
Ludlow,  John  Mechan,  Stevenson  Constable,  John  Marston,  Geo. 
A.  Wheeler  and  C.  H.  Roney. 

The  following  amendments  to  the  By-Laws  were  proposed: 

To  Article  IH,  Section  1 — In  the  fourth  line,  to  strike  out  the 
word  ''age." 

To  Article  HI,  Section  4 — By  inserting  thew^ord  "letter"  before 
the  word  "ballot,"  and  erasing  the  words  "black  balls"  and  sub- 
stituting therefor  "negative  votes"  and  for  the  words  "black  balled" 
substituting  the  words  "receiving  two  negative  votes ;"  so  that  the 
Section  will  read: 

"  Election  of  members  shall  be  by  letter  ballot^  at  a  business  meeting, 
and,  in  case  of  active  and  corresponding  members,  two  negative  votes 
shall  be  sufficient  to  exclude  a  nominee,  and  no  candidate  receiving  two 
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negative  votes  shall  be  eligible  for  renomination  for  one  year.  In  case 
of  honorary  members  a  unanimous  vote  is  requisite  to  elect.  In  case 
of  non-election  no  record  shall  be  made." 

Papers  were  read  by  Dr.  H.  M.  Chance  upon,  "An  Attempt  to 
Extinguish  the  Kehley  Run  Colliery  Fire,"  and,  "  Wear  in  Wire 
Ropes,"  and  by  Mr.  P.  H.  Baermann  upon,  "Submerged  Supply 
Main  in  Otsego  Lake,  N.  Y." 

April  16th,  1881.— Regular  Meeting.  President  Strickland 
Kneass  in  the  chair.  Thirty-one  members  and  one  visitor 
present. 

Papers  were  read  by  Mr.  C.  W.  Buchholz  upon,  "The  Construc- 
tion of  Iron  Railroad  Bridges  Subjected  to  Concentrated  Loads 
Under  High  Speed,"  and  by  Mr.  Wm.  Henry  Baldwin  upon, "  The 
Sewerage  of  Memphis  After  a  Trial  of  One  Year." 

Mr.  Chas.  G.  Darrach  read  extracts  from  the  reports  of  the 
chemical  experts  on  the  present  condition  of  the  water  supplied 
to  the  citizens  of  Baltimore.  This  water  is  supplied  from  Lake 
Roland,  and  when  drawn  from  the  taps  has  such  a  disagreeable 
taste  and  odor  as  to  be  useless  for  domestic  purposes.  One  of  the 
experts  found  that  there  was  present  a  volatile  nitrogenous  sut»- 
stance  unknown  to  chemistry,  which  he  believes  to  have  been 
the  cause  of  the  offensive  smell  and  taste.  Whether  this  organic 
substance  is  injurious  to  health  or  not,  he  is  unable  to  say,  that 
being  a  question  for  physicians.  The  other  expert  thought  that, 
as  the  water  was  taken  from  near  the  bottom  of  the  reservoir 
(some  25  or  30  feet  below  the  surface),  the  water  needed  air. 
Mr.  Darrach  advanced  the  same  theory,  and  in  proof  stated  that 
the  surface  water  of  Tumbling  Run  Dam  in  Schuylkill  Co.,  when 
visited  in  1875,  was  good,  while  that  drawn  from  the  bottom  was 
very  offensive  to  both  taste  and  smell.  The  water  taken  from 
the  Fairmount  pool,  during  winters  when  the  ice  remains  for 
any  unusual  length  of  time,  becomes  very  disagreeable. 

Mr.  Strickland  Kneass  presented  to  the  Club,  a  set  of  large 
views  of  the  machinery  for  trench  excavations  of  Mr.  Howard  A. 
Carson,  of  Boston,  and  an  explanation  of  the  same  was  read. 

May  7th,  1881. — Business  Meeting.  Past-President  Frederic 
Graff  in  the  chair.     Thirty-one  members  and  two  visitors  present. 
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In  view  of  the  probable  passage  of  the  amendment  to  the  By- 
Laws  providing  for  the  election  of  members  by  letter  ballot,  the 
election  of  pending  candidntes  was  postponed  until  the  next 
business  meeting. 

The  amendments  to  the  By-Laws,  proposed  on  April  2d,  1881 
(see  minutes  of  that  date),  were  adopted. 

The  Sf?cretary  announced  the  contribution  to  the  library  of  a 
number  of  books,  etc.,  by  Mr.  Chas,  E.  Billin,  and  they  were  re- 
ceived with  thanks. 

The  Secretary  was  instructed  to  request  Past-Presidents  L.  M. 
Ilaupt  and  Tiiomas  C.  Clarke  to  allow  tlie  insertion  of  their 
phototypes  in  the  Proceedings. 

It  was  ordered  that  a  copy  of  the  portrait  of  Past*Presi(leiit 
Frederic  Graff'  be  handsomely  framed  and  hung  in  the  Club 
room, 

Tlie  Secretary  announced  that  a  i>ri^e  of  one  hundred  dollars 
bad  been  offered  by  a  member,  who  requested  that  his  name 
■hould  not  be  made  known,  for  the  best  contributions  to  the 
Proceedings;  that  it  had  been  accepted  by  the  Board  of  Direc- 
tors and  dividedj  at  the  suggeMion  of  the  donor,  into  two  parts, 
one-half  to  be  awarded  for  the  best  mechanical  and  one-half  for 
the  best  civil  engineering  paper,  and  should  include  i*apers  read 
bt'fore  the  Club  until  the  first  meeting  in  April,  18^^2,  and  that 
the  result  should  be  announced  at  the  last  meeting  in  June,  1882. 
(See  Rules  on  page  340.) 

Mr,  liudolph  Hering,  Assistant  Engineer  of  the  Philadelphia 
Survey  Department,  who  recently  made  an  examination  of  the 
sewerage  works  of  the  principal  European  cities^  gave  a  general 
account  of  his  trip.  lie  sketched  the  gradual  development  of 
sanitary  works^  aJliniing  to  the  indifference  upon  the  subject  in 
the  middle  ages,  the  consequent  terrible  epidemics,  the  slow  de- 
velopment of  the  recognition  of  its  importance  and  to  the  present 
dilferonce  of  opinion  as  to  the  proper  methods,  resulting  in  a 
great  variety  of  design  in  the  existing  works. 

He  then  described  the  various  general  designs  in  historical 

order  and  compared    the   eHiciency  of  present  methods.     The 

*Bamc  system  and  ideas  will  not  be  applicable  to  every  town.   The 

topography,  physical  features  and  the  customs  of  the  people  may 
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necessitate  radically  different  plans.  Rain  water,  in  some  cases, 
might  be  led  off  on  the  surface;  in  others,  like  Philadelphia,  it 
must,  to  a  great  extent,  be  carried  away  in  deep  sewers.  The 
^'sq>arate  system^'*  which  is  common  in  England  and  has  recently 
been  partially  executed  for  Memphis,  is  therefore  not  economical 
here,  except  in  localities  where  the  present  sewers  are  found  en- 
tirely unsuitable  for  the  proper  conveyance  of  house  water  and 
could  be  used  for  storm  water  alone.  When  the  entire  system 
is  built  anew  *Hhe  combined  system"  has  been  adopted,  the  best 
example  of  which  is  found  in  Frankfort  on  the  Main. 

Mr.  Hering  found,  compared  with  American  cities  in  general, 
that  much  greater  care  was  given  not  only  to  the  design  and 
construction,  but  especially  to  the  maintenance  of  the  sewers. 
Frequent  and  thorough  inspection  was  found  to  be  exercised 
everywhere.  A  regular  system  of  cleaning  was  considered  as 
important  as  the  building  of  the  sewers  themselves.  He  walked 
through  hundreds  of  them  and  seldom  perceived  an  odor  as 
strong  and  disagreeable  as  is  frequently  noticed  on  our  sidewalks 
near  an  inlet.  In  Paris  the  "egouts"  are  frequently  visited  by 
strangers,  including  ladies.  In  Hamburg,  the  Crown  Prince  of 
(lernuiny  took  an  hours  trip  througli  one  of  the  large  sewers. 
Mr.  llering  was  oenerally  escorted  by  the  eliief  engineers  or  tlie 
assistants,  wlio  think  nothing  of  a  walk  through  their  sewers 
because,  as  far  as  the  odor  is  concerned,  there  is  little  or  no 
diU'erence  tlian  in  going  into  a  common  cellar. 

^J'he  cost  of  city  drainage  averages  about  the  same  as  with  us. 
The  expense  of  a  regular  inspection,  cleaning  and  repairing  is 
little  greater  than  wliat  we  pay  for  repairs  alone.  Of  course,  the 
price  of  labor  is  somewhat  less,  but  the  nuiniei}x\l  engineers, 
however,  are  better  paid,  as  a  rule,  than  in  the  l^iited  States. 
All  apj>ointnients  are  ])ermanent,  the  best  fitted  are  generally 
selected  for  oflice  and  i>ensions  await  any  disabled  servant  of 
the  cor]>s,  from  the  chief  down. 

There  is  no  small  Held  for  im|)rovement  in  the  sewerage  of  our 
own  city  and  the  experience  gained  by  so  many  other  large 
cities  could  he  very  ])rofitahly  j)ut  to  use  for  our  own  benefit,  not 
to  save  money  hut  to  ^^ci  more  eflicient  works  for  the  amount  we 
are  spending. 


IPPPiPiPPwigg^iWii  mm9\ .  i>  I  "u  ■  I .. 


Phila.,  1881,  II,  3.]         Abstract  of  Minutes  of  Meetings.  329 

Finally,  Mr.  Hering  gave  a  brief  description  of  the  methods 
for  purifying  the  sewage  before  it  is  discharged  into  the  rivers. 

Dr.  li.  M.  Chance  presented  a  discussion  of , Prof.  L.  M.  Haupt's 
recent  paper  on  Inter-coinmunications  in  Cities. 

The  Club  adjourned  to  meet  in  business  meeting  on  May  21st, 
1881. 

May  21st,  1881. — Special  Business  Meeting.  Vice-President 
Henry  G.  Morris  in  the  chair.  Nineteen  members  and  one  visi- 
tor present. 

The  Secretary  reported  the  rules  adopted  by  the  Board  of  Di- 
rectors for  the  award  of  the  prize  of  one  hundred  dollars.  (See 
page  340.)  He  also  read  letters  from  Past-Presidents  Thos.  C. 
Clarke  and  L.  M.  Haupt,  expressing  their  willingness  to  comply 
w^ith  the  request  of  the  Club  that  their  portraits  might  be  in- 
serted in  the  proceedings. 

On  motion  the  thanks  of  the  Club  were  tendered  to  Mr.  M. 
Richards  Muckld,  Jr.,  who  had  provided  for  the  distribution  of  *a 
large  number  of  the  last  issue  of  the  Proceedings,  without  ex- 
pense to  the  Club. 

On  motion  the  Secretary  w'as  instructed  to  hereafter  publish 
the  present  occupation  of  candidates  for  membership,  when  their 
names  were  submitted  to  vote. 

The  following  gentlemen. w^ere  elected  Active  Members  of  the 
Club:  Messrs.  Geo.  F.  Evans,  Geo.  S.  Strong,  Harrison  C.  Liiders, 
D.  J.  Matlack,  Jacob  H.  Yocum,  C.  W.  Macfarlane,  L.  P.  Evans, 
Graham  Spencer,  Thos.  A.  Roberts  and  Edwin  F.  Dawson. 

On  motion  it  was  ordered  that,  hereafter,  the  reports  of  tellers 
of  election  should  be  made  in  the  presence  of  Club  members 
only,  and  that  such  reports  should  be  regarded  as  confidential 
among  the  membership,  when  negative  votes  were  cast. 

A  paper  on  the  "Comparative  Anatomy  of  Locomotive  En- 
gines," was  read  by  Mr.  Geo.  Burnham,  Jr. 

Prof.  Haupt  replied  to  Dr.  Chance's  Discussion  of  his  paper 
upon  Inter-communications  in  Cities,  etc. 

Mr.  Rudolph  Hering  exhibited  and  explained  a  number  of 
ancient  and  modern  maps  of  European  and  Asiatic  cities,  show- 
ing the  method  of  their  development. 
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Mr.  Chas.  A.  Ashburner,  of  the  State  Geological  Survey,  stated 
that  he  had  adopted  the  Amsler'd  Planimeter  for  the  estimation 
of  the  mine  areas  in  the  survey  of  the  Anthracite  Coal  Fields  of 
Pennsylvania,  and  had  subjected  the  accuracy  of  the  instrument 
to  a  severe  test.  In  computing  areas  in  square  inches  of  map 
surface,  it  was  found  that  the  maximum  error  was  one-quarter  of 
one  per  cent.  In  computing  areas  on  maps  of  large  scale  the 
average  error  of  the  planimeter  is  believed  to  be  less  than  either 
the  minimum  error  of  a  careful  compass  survey  or  of  an  accu- 
rate plot. 

On  motion  the  Club  adjourned  to  meet  in  Business  Meeting  on 
the  second  Saturday  of  June. 

June  4th,  1881. — Regular  Meeting.  Vice-President  Henry  G. 
Morris  in  the  chair.  Eighteen  members  and  two  visitors  present. 

Prof. L. M. Haupt  read  "Notes  on  Cobble  Stone  Pavements."  In 
connection  with  the  consideration  of  the  uncleanliness  of  this 
'kind  of  paving,  Philadelphia  newspaper  extracts  were  read  upon 
the  filthy  condition  of  the  streets  and  the  objectionable  character 
of  the  prevailing  cobble  stone  roadways. 

Prof.  Haupt  also  read  a  brief  discussion  of  his  former  paper 
on  the  methods  of  expressing  the  Scales  of  Maps  and  of  deter- 
mining their  relations  to  each  other,  so  as  to  avoid  ambiguity, 
giving  a  simple  formula  applicable  to  any  case. 

Mr.  P'rederic  Graff  exhibited  an  ancient  map  of  Philadelphia, 
made  to  show  the  location  of  the  early  hose  companies  of  the 
city. 

A  letter,  descriptive  of  the  recent  sad  tragedy  in  a  corps  of 
engineers  in  Mexico,  was  read  by  Prof.  Haupt. 

June  18th,  1881. — Special  Business  Meeting.  Past-President 
Frederic  Graff  in  the  chair.  Twenty-two  members  and  one 
visitor  present. 

The  following  gentlemen  were  elected  Active  Members  of  the 
Club :  Messrs.  Jos.  N.  DuBarry,  Isaac  S.  Cassin,  Edwin  F.  Smith, 
J.  Simpson  Africa,  John  Gardiner,  Harvey  M.  Geer,  William  B. 
Cooper,  Mansfield  Merriman,  Wm.  L.  Billin  and  Wm.  G.  Wilkins. 

Col.  James  Worrall  read  a  paper  upon,  "The  Grand  Water- 


Pbik.,  1881,  II,  3,]         Abstract  0/  Mlnuka  of  Meetutffa. 


331 


ways  of  PennJuj'tvatiijL"  Mr.  H,  A.  Vestin  doscribetl  a  new  form 
of  pantograph,  the  arms  of  which  being  made  of  hollow  bars 
and  suspended  by  wires  from  an  upriglit  upon  the  weight,  move 
very  easily  and  smoothly.  He  also  exhibited  a  '^Winkelprisnia/' 
a  hand  instrument  composed  of  two  prisms^  by  the  adjustment 
of  which  an  angle  eould  be  measured  and  readily  laid  out  It 
is  especially  recommended  for  laying  out  curves,  by  nsiting  the 
angle  included  in  the  segment  and  plumbing  to  points  from 
which  the  extremities  of  the  curve  are  visible 

Mr.  M.  11.  Muekl^,  Jr.,  exhibited  A,  M.  Stevenson's  adding 
niachincp  which  is  quite  portable  and  convenient  lor  some  uses, 

July  2d,  188L — Special  Business  Meeting.  Past  President 
Frederic  Graff  in  the  chair. 

This  meeting  was  called  for  the  purpose  of  taking  appropriate 
action  with  regard  to  the  sudden  death  of  Mr.  Henry  Cartwright, 
Member  of  the  Club.  The  following  rej^olution  was  otlcred  by 
Mr.  Howard  Murj^hy,  unanimously  adopted  and  ordered  to  be 
printed  in  Philadelphia  newspapers  and  sent  to  Mr,  Cartwright's 
family. 

lUsolred^  That  the  Engineers'  Club  of  Philadelphia,  in  the  sad 
event  of  the  sudden  death  of  their  fellow  member,  Mr.  Henry 
CartWTight,  desire  to  record  tlieir  grief  at  the  great  loss  of  a  pn> 
miijcut  and  highly  esteenied  member  which  has  been  sustained 
by  the  Club,  the  profession  and  the  business  community  and  that 
they  tender  to  his  family  tlieir  heartfelt  sympathy. 

The  Club  then  adjourned. 


October  15th,  18SL — Regular  Meeting. — President  Sirickland 

Kneass  in  the  chair.     Twenty-seven  members  present 

The  Hecrctary  exhibited,  on  behalf  of  Mr.  J.  Milton  Titlow, 
screws  which  had,  for  (if  years,  held  together  three  2  inch  courses 
of  yellow  pine  planks  in  the  floor  of  Fairmount  Bridge,  Phil  ad  ^a, 
which  planks  Jnul  been  treated  in  some  manner  witli  creosote* 
The  screws  in  question  are  much  corroded,  the  original  diameter 
being  diminished  about  J  at  the  middle  of  the  screw^  where  the 
fibre  of  the  iron  is  distinctly  exposed.  It  seemed,  however,  to  be 
the  universal  opinion  of  the  members  present,  that  the  corrosion 
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was  due  entirely  to  tlie  preseuce  of  water  between  the  planks, 
and  not  at  all  to  the  creosote  oil,  whicli  would  preserve  rather 
than  destroy  the  iron. 

The  Secretary  exhibited  copies  of  a  drawing  which  had  been 
made  by  a  method  giving  more  economical  and  better  results  in 
many  instances  than  the  ordinary  blue  process.  Mr.  Frederic 
Graff  stated,  in  this  connection,  that  the  ordinary  letter-press 
was  the  invention  of  Watt,  and  that  the  original  was  still  in 
existence. 

The  Secretary  read  a  detailed  description  of  the  moving  of  the 
Hotel  Pelham,  at  Tremont  and  Boylston  Sts.,  Boston,  by  Mr. 
Nathaniel  J.  Bradlee,  Architect,  of  that  city,  for  the  purpose  of 
widening  Tremont  Street.  This  hotel  is  built  of  freestone  and 
brick,  90  and  69  ft.  frontage.  The  Boylston  Street  wall  is  sup- 
ported on  8  granite  columns  12  ft.  high,  3  and  4  ft.  square. 
There  is  a  basement  and  7  stories  above  the  sidewalk.  Height 
above  tramways  on  which  it  was  moved,  96  ft.  Weight,  5000 
tons,  exclusive  of  furniture,  which  was  not  disturbed  during 
removal,  as  also  were  not  the  occupants  of  the  stores  on  first 
floor  and  some  of  the  rooms,  the  various  pipe  connections  being 
kept  up  with  flexible  tubes.  Careful  experiments  with  models 
showed  that  if  the  lower  part  of  the  building  was  firmly  braced, 
there  was  no  danger  of  shifting  in  the  parts  above.  The  general 
arrangements  consisted  of  heavy  and  substantial  stone  and  brick 
foundations  for  iron  rails  and  rollers,  and  the  building  was 
forced  to  its  new  position  by  56  screws,  2  inches  diameter,  Jin. 
pitch,  operated  by  hand  against  timbers,  arranged  to  uniformly 
distribute  the  pressure  against  the  building.  Much  care  and  in- 
genuity was  displayed  in  the  details  of  the  arrangements  and 
work.  Two  months  and  twenty  days  were  occupied  in  prepara- 
tion. The  moving  itself  was  begun  on  August  21st,  and  finished 
on  August  25th,  but  the  actual  time  of  moving  was  but  13  hours 
and  40  minutes.  The  greatest  speed  was  2  inches  in  4  minutes. 
The  hotel  moved  about  \  inch  at  each  quarter  turn  of  the 
screws.  The  whole  distance  moved  was  13  ft.  10  inches.  4351 
days  labor  was  required  for  the  work.  The  whole  cost  was 
about  $30,000.  This  is  the  largest  building  that  has  ever  been 
removed,  although  larger  have  been  raised,  which  latter  is  a 
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njuch  simi>lcr  and  less  risky  operation.  The  complete  success 
of  this  undertaking  is  shown  by  the  fact  that  cracks,  which  ex- 
kted  ill  the  walls  prior  to  remo%'Hi,  were  not  changed  by  the 
operation.  Paper  was  pasted  over  them  before  eommencing, 
that  any  change  might  be  seen, 

President  Strickland  Kneass  exhibited  a  drawing  which  had 
been  nont  to  him  by  telegrajih  during  his  recent  visit  in  Europe. 

Prof,  L.  JL  IIau]*t  exhibited  a  note  book,  loaned  by  Mr.  John 
C.  Trautwine,  containing  many  complete  and  beiiutifnl  sketches 
of  bridge  construction,  notaldy  of  the  celebrated  Warn  wag  Bridge 
which  croased  the  Schuylkill  at  Callowhill  Street, 

An  informal  discussion  of  the  necessity  and  desirability  of  ob- 
taining better  and  more  extensile  quarters  for  the  Club,  occupied 
tlie  remainder  of  the  sessiuit. 

Of  the  Board  of  Directors. 


March  12th,  1881, — Special  Meeting, 

Mr,  Howard  Murphy  was  elected  Treasurer  for  the  unexpired 
term  of  Mr,  A.  R.  Roberts,  resigned. 

The  Treasurer  was  directed  to  send  bills  for  full  dues  to  all 
active  members,  asking  those  entitled  to  non-resident  dues  to 
forward  claim  to  thai  effect 

Tlie  salary  of  the  Corresponding  Secretary  and  Treasurer  was 
made  payable  monthly* 

Bills  approved,  J4S.10. 

March  19th,  1881. — Regular  Meeting, 
Bills  approved,  $23.08. 

April  IGth,  188L — Regular  Meeting. 

Mr.  Howard  Murpliy  was  elected  Recording  Secretary  for  the 
unexpired  term  of  Mr.  Wilfred  Lewis,  resigned. 

Bills  approved,  1^532.99. 


May  7tii,  1881. — Special  Meeting. 

Preliminary  arrangements  for  award  of  prize  of  one  hundred 
dollars  oftered  by  a  member  of  the  Club,  who  desires  to  remain 
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unknown  as  the  donor,  were  made  and  ordered  to  be  announced 
to  the  Club  (see  Club  Minutes,  May  7th). 

Bills  approved,  $83.57. 
May  21st,  1881. — Regular  Meeting. 

Rules  for  award  of  prize  of  one  hundred  dollars  were  adopted. 
(See  page  340). 

Bills  approved,  $67.55. 

June  4th,  1881. — Special  Meeting. 

The  Secretary  was  instructed  to  have  printed  a  revised  List  of 
Members  and  Constitution  and  By-Laws. 

The  price  of  single  copies  of  the  Proceedings  was  fixed  at  2 
cents  per  page. 

Bills  approved,  $109.35. 

October  15th,  1881. — Regular  Meeting. 

Action  was  taken  with  regard  to  members  in  arrears. 

The  following  was  ordered  to  be  inserted,  hereafter,  in  the  Pro- 
ceedings: "The  Club,  as  a  body,  is  not  responsible  for  the  facts 
and  opinions  advanced  in  its  publications." 

Bills  approved,  $394.37. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

Fbom  April  lOtb  to  Novembkr  4th,  188L 


Ffvni    Iho    INSTITCTIOX    of    CIVIL    BSGI- 
NEKES. 

MK.   JAMK9    FDlttBAT,   &ttC*Yt    LvUdoO* 

Col»tiii  *ttiili  M^'jer— PorUijinjuth   Paekydrd  Ei^ 

Hr^wii  atiii  ^ il Hills— l>43i5j»  Wlanljig  of  Coikl  In 
Abiitr»FU  of  Palm  f ft    tn   Foreign  TmutucU^tin 

Andrfiw«— The  Utie  iif  Cc>KuIftr  CulMUfiQii. 

Hftlofi  d«  la  Goupliildrd — ExiiIoaJaut  of  Ftru- 

Ilawkiu4 — HenrLioroiiKli  HMrbaur  Iiiipruveiiii^iilp. 
HtiruiK— Tli(i  Frictk'O  «f  TluiUpir  FUw*  In  €i*jr. 

er«^tn,  nl  t(i<?  fJiirvt'L  Dock  Wurks^  Ore«it' 

Lawn— T  be  Fro  tec  tl  If  a   Wofki   far   Preifffalliitf 
Iht:*  ThrL^Ktrankt  Outl»]fe»k:   of    linn  South 

Hy  ui^r— Jotiwii—The  0»iik*jjimii  Tun  iiel  ^  JnpiLa. 
T«yttjr^T1lio  I'low  »>!'  tlio  KW«r  TUkuioa. 
Bttlief^Tliu  Actual  Lat^nl  Pre«iiur*  of  Eartli. 

work  4 
PhUlIp* — The  CoinpftrfttWf)  EttdiirAitite  af  Iron 

ftrxel  Hlltl  Stt}^\  whnu  ExiMincd  to  Corro- 

«Uft  iiiliumu'eM. 
M4J-linrr--4  Bucket  Drffdgflr  tu  Uafr  hL  ibn  Hull 

Tbotntgn^Tha    Tli]u    Giijl|{ci,  TMkL    HiLnnualp 

ikaitf  Bctr  and  TIdti  Pr4J  litter 
Akrf — LofTurithint  of  th4  Vailaci  i»f  «11  Tulg&r 

FriictlLm>»  (wUli  cyrrectiooi), 
Bjik«r— EallWH)'  Sprtagi. 
B  run  ton — The  l^niJaetlaii  of  PlnflD  kud  Fftr- 

«Aii  Oil  A, 
C&rrin^tun — Three     Sx»Uttiiii     of    Wlrt^     Eoiw 

TrAii«pMr(. 
Hly^tfn — Coiidtfticlluti  of  ElPtrtro^M Kij'n^^tiH 
jAmtwAciii— Tbi9  Iul«ruj4J  CuetoHlvtu  of  Ca«1  Iron 

Ki|M*« 
BlaetilibU^r— Cm>i«ona  for  Pqck  EutrftQceft. 
IfeDo&iioll-^Kcpairi    Jiud   Et^uuwjili    of    Loeo- 

luotlvo*. 


AtifttrkfitAof  Pa|Mri  in  Foretgn  Tru^aiiiuitioiis  oil 

Fcriddkikla.    V»l.  LXV.    S»t«loti  tmi-n. 

rmn  X 
EAltig<ar — Brtek-aod- CAncfUte^    «ud    Ht^tieitit* 

ClA»boldor  Tmiki. 
Mttr^'Uf^— CQiitrif^iiAl  Vent!lft(orfl  far  MltinH. 
Vnrtf,  Tlarriiioi]  *iid  hAWn — EArthtrork  nUink 
Tursrst— A  AVw  Fonn  *>f  MoilaJe  for  tiTli^HlIim 

PurpoHiftH. 
H  BO  ter— Wood -working  M^nlilnerf, 
Urwwup— TUU!  and  UpUiid  Wktor*, 
TJIioruytrr?*lt— Toriteiio  Bunt*  aud  I#t|fbl  Yuclita. 

Froio  the  SOCtKTT  of  EN01NKER§. 
Mft    U*MTHoi-usiLW  EHiin,    i*t(!*f,  Lourlou, 
TnkiiMHtitloaa  for  isim.    Bound. 

From  Iho  SOCIBTV  of  ARTS,  Losdou. 
Jaurnal— W«iikl3r.  -^ 

From  thi>  iOClBTT  of  CIVIL  ENOlXBiaS, 

Horuolrt'A — F*»l»*yt  H&rcli,  AprtJ^  M»f ,  Juue^  iiiif 
Aud  Aug.t  1081. 

Fftsra   L'AOJailflSTHATlON   DE«  POKTS    BT 
CBAUSSKES. 

Anaiit«9--Miirrh«  Ai^hl^  VL*yi  Jua«i  Jaly.  Aqk 
vid  Stpt,,  It^L 

Friiii  the  AUSTRIAN  gOCIETT  nt  BNGIXEEli^ 
mad  ARCHITECTS, 

M».  JoARr  Hbi^aji,  Kdltor^  VIbuda. 
Woebfitiicbrift. 

£Ht»brlft-rnrt«  IK  III.  ftiid  fV,  iMh 
Esport  9n  The  Flrat  Aualrtftn  in^lit^f^rB*  titid 

ArfihltuetB'  Haj,  held  lu  Vloiium  vlc|^  !>th 

Ftvin  tbeSAXOKIAN  @OCIETr«f  EUaL^BEBS 

and  ARCUIT£€TS. 
Froet'edingii — ^ud  Part 

From  thQ  IMPERIAL  TICHNOLOOICAI.  BOCh 

ITY,  BL  Petenhtirir, 

Tr*it«Avtl»iii— Pftrt*  1,  S  Aud  3,  l&fil. 

Fn^ia  tba  SWEDIBH  ftOClBTIT  *)f  OIVlli  fiif- 

GINEEES. 

H».  G.  A.  AKodr&itM^  ^Itivr,  ^t^ekbolni. 

Proreedlng*— Fiintu  Hif|<'t»  Audra  Hftfttit  and 

Trfldjft  Iliiftm,  1681. 
LUt  of  MeDib«n— M*rcb,  tiSl. 


336 


Contributions  to  the  Library.  [Proc.  Eng.  Club, 


From  the  PORTUGESE  SOCIETY  of  CIVIL  EN- 
GINEERS. 
ProceedlngB— Nov.   aud    Dec,  ISSO;    Jan.   and 

Feb.,   March  aud  April,  Hay  and  Jane, 

18SI. 

From   the  EDITORS   and   PROPRIETORS 
MESrtRg.  A.  A.C.  Nkveh  and  F.  L.T.  C.  daSiLVA, 

Lisbon,  Portugal. 
()  Constructor— 2nd  Series,  Nos.  1,  3,  4,  6,  6,  7 
and  S,  1881. 

From  the  ARGENTINE  SCIENTIFIC  SOCIETY. 

Mr.  Eduardo  E.  Clbrick,  Soc'Xi 

Buenos  Ayrcs. 

Anales — Feb.,  March,  April,  May,  June,  July, 

August  and  Sept.,  1881. 

From  the  AMERICAN  SOCIETY  of  CIVIL  EN- 
GINEERS, 
Mr.  John  Booart,  Sec'y,  New  York. 
Transactions — March,  April,  May,  June,  July, 
Aug.  and  Sept.,  1881. 

From  the  AMERICAN  INSTITUTE  of  MINING 

ENGINEERS. 

Dr.  Thomas  M.  Drowx,  Soc'y,  Easton,  Pa. 

Proceedings  of  the  Annual   Meeting,   held   in 

Philadelphia,  February,  1881. 
Rothwell— The  Gold  Bearing  Mispickel  Veins 

of  Marmora,  Ontario,  Canada. 
Holley— On  Rail  Patterns. 
Thompson— On  the  Action  of  Common  Salt  and 

Other  Related  Crystalline  Salts  in  Wire 

Drawing. 
Metcalf— Can  the  Magnetism  of  Iron  aud  Steel 

be   Used    to    Determine  Their    Physical 

Properties? 
Mell— Auriferous  Slate  Deposits  of  the  Southern 

Mining  Region. 
MunncsM — A   New   Bottom   for    Bessemer  Con- 
verters. 
Moses — On  the  Applicability  of  Edison's  System 

of  Electric  Lighting  to  Mines. 
Richards — Notes  on  the  A.ssay  Spitzlutte. 
Taylor— A   Fluxing  Gas  Producer  for  Making 

Heating  Gas. 
Ford — The  Amount  of  Manganese  Required   to 

Ki'inove    the  O.xygeii    from    Iron    aft<'r    It 

Has  Boen  Blown  in  a  BesHenier Converter. 
Eustl}* — Notes  on  a  Direct  Process  for  Treating 

Fine  Iron  Ores. 
Ford — Mi'tlKxl  for  the  Estimation  of  Manganese 

in  Spiegels,  Irons  and  Steels. 
Blake— Note   on    the   E.slimation    of  Coj'per  in 

Speise. 
Tjiylor — Ore  Roasting  Furnace. 
Chance — The  Construction  of  Geological  Cross 

Section^. 
Thompson — ElTect  of  Sewage  on  Iron. 


Heinrich— The  Industrial  School  for  Mlnem  and 
Mechanics,  at  Drifton,  Luzerne  Co.,  Pa. 

Daniels— Gas  Producers  Using  Blast. 

Cloud— Shocks  on  Railway  Bridges. 

Cloud — Steel  for  Bridges. 

Shinn— The  Advance  in  Mining  and  Metal- 
lurgical Art,  Science  and  Industry  sinc« 
187d. 

Frazer— The  Whopper  Lode,  Gunnison  Ck>., 
Colorado. 

Steel  Rails— Discussion,  Philadelphia  Meeting, 
February,  1881. 

Clark— Ore  Dressing  and  Smelting  at  Pribram, 
Bohemia. 

Ashburner— Brazos  Coal  Field,  Texas. 

Hunt — The  Hydrometallurgy  of  Copper  and  its 
Separation  from  the  Precious  Metals. 

Gordon— The  Whitwell  Firebrick  Hot- Blast 
btove  and  its  Recent  ImproTements. 

Ashburner— New  Method  of  Mapping  the  An- 
thracite Coal  Fields  of  Pennsylvania. 

Stutz— Coal  Washing. 

Reese— Burnishing  and  Dnctilizing  Steel. 

Chance— The  Carbonic  Acid  Gas  Process  at  the 
Kehley  Run  Colliery  Fire. 

Proceedings  of  the  Virginia  Meeting,  May,  18S1. 

Egleston — Investigations  on  the  Ore  Knob  Cop- 
per Process. 

Bowie— Notes  on  Gold-Mill  Construction. 

Sandberg— Chemical  Methods  for  Analyzing 
Rsil  Steel. 

Kent — Mangane^ie  Determinations  in  Steel. 

Birkinbine— Blast  Furnace  Hearths  and  Lin- 
ings. 

Chance— An  Analysis  of  the  Casualties  in  the 
Anthracite  Coal  Mines  from  1871  to  ISSO. 

Buck— Notes  on  the  Hard-Splmt  Coal  of  the 
Kanawha  Valley. 

Dewey— The  Rich  Hill  Iron  Ores. 

Frazer- Relations  of  the  Graphite  Deposits  of 
Chester  County,  Pa.,  to  the  Geolof^y  of 
the  Rocks  Containing  them. 

Muhlenberg  and  Drown— On  the  Solution  of 
Pig  Iron  and  Steel  for  the  Determination 
of  Phosphorus. 

Williams— A  Volumetric  Estimation  of  Man- 
ganese in  Pig  Iron  and  Steel. 

Sharpies— Note  on  Black  Band  Iron  Ore  in 
West  Virginia. 

Mackintosh— The  Electrolytic  Determination  of 
Copper,  and  the  Formation  and  Composi- 
ti«)n  of  So-called  Allotropic  Copper. 

Prime — Supplement  II.  to  a  Catalogue  of  Official 
Reports  Upon  Geological  Surveys  of  the 
United  States  and  Territories  and  of  Brit- 
ish North  America. 

Hale— Memoranda  on  the  Analysis  of  Statistics. 

Discussion  on  ^teel  Rails.  (Held  at  Virginia 
Meeting,  May,  1881.) 
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From  the  AMERICAN   IRON  AND  STEEL  AS- 

8OCIATI0N. 

Mu.  James  M.  Smtank,  See'y,  Philad'a. 

TlH'  Bnlloiiu. 

Swank— Preliminary  Report  upon  the  Iron  and 

Steel  Indastries  of  iheU.  S. — 10th  CeuHUS. 
Annnal  Report  of  the  Secretary,  July  30,  1881. 
Mi»on— Bottom  Facts.     Tariff  Tract  No.  1,  1881. 
The  Testimony  of  the  Fathus.    Tariff  Tract  No. 

2,  1881. 

From  the  UNITED  STATES  ASSOCIATION  of 
CHARCOAL  IRON  WORKERS. 
Me.  John  Birkixbdye,  SecV,  Phllad'a. 
Journal — April  and  June,  1881. 

From  the  PI  ETA  SCIENTIFIC  SOCIETY. 
Mb.  W.  H.  Brbithaupt,  See'y,  Troy,  N.  Y. 
Papcrii— Vol.  II,  2,  1881,  (4  copleh). 

From    the  BOSTON   SOCIETY   of    CIVIL   EN- 
GINEERS. 
Mr.  S.  E.  Tikkham,  See'y. 
Record  of  Annnal  Meeting,  March — April ;  and 

Regular  Meetings,  May  and  June,  1881. 
List  of  Members,  May,  1881. 
From  the  ENGINEERS'    SOCIETY   of  WEST- 
ERN  PENNSYLVANIA. 
Ma.  J.  H.  Harlout,  See'y,  Pittsburgh. 
Malian — Dam  of  the  Montaubry  RoMervoir. 
Kloman  Eulogy. 

AdaniH— Dunk's  Puddling  Furnace. 
Annual  Reports,  January  18th,  1881. 
Discussion — The    Basic  Dephosphorizing  Pro- 
cess. 
Weeks— Notes  of  a  Trip  through   the  James 

River  Valley. 
DUcnssion. 

Brown — Pittsburgh's  Sewer  System. 
Discussion. 
From  the  BOSTON  PUBLIC  LIBRARY. 

Mr.  Mellkn  CHAM«ERLAi.«r,  Librarian. 
Bulletin— April  and  July,  1881. 
29th  Annual  Report,  1881. 

From  the   AMERICAN   PHILOSOPHICAL  SO- 
CIETY,  Philadelphia. 

Proceedings— January  to  June,  1881. 

From  the  PHILADELPHIA  SOCIAL  SCIENCE 
ASSOCIATION. 

Klrkbrlde- Memoir  of  Isaac  Ray,  M.  D.,  LL.D., 
ISSl. 

From  the  FRANKLIN  INSTITUTE. 

Dr.  Isaac  Norris,  Secretary.  Phila. 

Journal— April,  May,  June,  July,  August,  Sep- 
tember and  October,  1881. 

From  the  GEOLOGICAL  SURVEY  of  CANADA. 
Mr.  Alfred  R.  C.  Sklwyu,  Director,  .Montreal. 
Maps  to  Accompany  Report  of  Progress,  1S78-9 
(4  sheets). 


From  the  MEXICAN  CENTRAL  RAILW.\Y 
CO.,  Guanaguate.  Mexico. 

Low — The  Application  of  the  Metric  System  to 
the  Laying  Out  of  Railroad  Curves 

From  MR.  JOHN  KENNEDY,  Chief  Engineer 
of  the  Harbour  of  Montreal. 

Annnal  Reports  of  the  Harbour  Commissioners 
of  Montreal  for  the  year  1880. 

From  GEN.  H.  G.  WRIGHT,  Chief  of  Engineers, 
U.  S.  Army. 

Annual  Report— Part  I,  II  and  III,  1880,  Bound. 

Schermerhorn — The  Water  Jet  as  an  Aid  to  En- 
gineering Construction,  1881. 

HUfer — Contributions  to  the  Theory  of  Blasting 
or  Military  Mining.  Translated  by  Capt. 
Chas.  W.  Raymond,  1881. 

From  HON.  WM.  D.  KELLEY,  M.  C,  Washing. 

ton,  D.  C. 
Speech  of  Hon.  Wm.  D.  Kelley  In  the  House  of 

Representatives  on  Mr.  Hurd's  Free  Trade 

Resolution,  Feb.  18th,  18S1. 

From  the  SECOND  GEOLOGICAL  SURVEY  of 

PENNSYLVANIA. 
Mr.  Wm.  A.  Inqham,  See'y  Board  of  Commis- 

•loners. 
Reports    A.^.  O.^  H.^  M.^  Q,**  and  T.  Bound. 

From  the  BOSTON  WATER  BOARD. 
Fifth  Annual  Report,  1881. 

From  the  PENNSYLVANIA  RAILROAD  COM- 
PANY. 

A  List  of  the  Railroads,  Canals  and  Ferries, 
Owned,  Leased,  Operated  and  Controlled 
by  the  P.  R.  R.  on  Dec.  .Slst,  1880.     18«>1. 

From  the  LEHIGH  UNIVERSITY,  Bethlehem, 

Penna. 
Register— 1880-81. 

From  the  Author,  MR.  G.  BOUSCHREN,  Clncin- 

natl,  Ohio. 

Instructions  for   Laying    Out  Circular  Curves 

with  Spiral  Approaches  (3  copies). 

From  the  Author  MR.  P.  W.  SHEAFER,  Mining 

Engineer,  Pottsvllle.  Pa 
Sheafer — Geology  of  Schuylkill  County. 

From  COL.  E.  PRINCE,  Quincy,  111. 
Breaks  in    Sny    Island    Levee,  July,  1S80.     14 
Photographs,  with  key. 

From  the  Author  MR.  JOHN  C.  TRAUTWINE, 

Honorary  Member  of  the  Club. 
Trautwlne's     Engineer's     Pocket    Book,    1881. 
Bound. 

From  MR    STRICKLAND  KNEAS8,  President 

of  the  Club. 
Six  large  views  of  Norman  and  Carson's  Ezca- 
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vatiag  Apparatus,  with  explanation  of  the 
8anie. 

From  COL.  JAMES  WORRELL,  Member  of  the 
Club. 

Northern  and  Western  Bonndary  CommiHdions. 
Report  of  the  Penniiylvauia  Board  for  the 
yoaru  1P79  and  ISSi) 

Reports  on  the  Grand  Water  Ways  of  Pennsyl- 
vania, 1881. 

From  MR.  SAML.  L.  SMEDLET,  Member  of  the 

Club. 
Cross  Section  of  Mill  Creek  Sewer  on  Oregon  St 
at  oOth,  Philad'a.     Print. 

From  the  Author  MR  THOMAS  H.  GRAHAM, 
M«Miiber  of  the  Club. 

Graham  —  Reiuirt  on  the  Candela  Mining  and 
Smelting  Company^s  PusMesisiuus  at  and 
near  Candela,  Coahuila,  Mexico.  1S81.  (2 
copies). 

From  MR.  CHAS.  E.  BILLIN,  Member  of  the 
Club. 

Small's  LogiHlative  Handbooks,  1875  and  1S77. 
Bound. 

Annual  Reports,  Secretary  of  Internal  Affairs, 
PenuKylvanla. 
Land  Office  and  Assessments,  1876  and  1877. 

Bound  (2  copies) ;    and  1S79.    Bouud. 
Indusiilal    Statistics  — 1874-5,   187.3-6,    and 

1876-7.     Bound. 
Railroads.     Canals     and    Telegraphs,  1874 
(Auditor  General's  Report),  to  1877  inclu- 
sive, and  lS7f>.     Bound. 

Second  Annual  Report  Bureau  of  Statistics, 
Pennsylvania,  lS7.'i-4.     Bound. 

Board  of  Public  Charities,  Pennsylvania.  Re- 
port, 1876.     Bound. 

Railroads,  X.  Y.  Sis  to  Eujfineor's  Report,  1877. 
Bouud. 

Canals.  N.  Y.  State  Engineer's  Report,  1878. 
Bouud. 


New  Jersey  and  Pennsylvania  Boundary  Monn- 
ments.  Report  of  the  Regents  uf  the  Uni- 
versity of  N.  Y.  for  1877. 

Public  Libraries  of  U  S.  Department  of  Inter- 
ior, Bureau  of  Education.  Special  Report. 
Part  I.     1876. 

Engineering  and  Mining  Journal — Jnly  IS7.^  to 
December  1877— Vol*.  2»  to  24,  inclusive. 

Railroad  Gazette,  August  1873  to  December  1574^ 
Part  of  Vol.  5  and  Vol.  6. 

Boston  Journal  of  Chemittry— July  1873  to  Jnne 
1876— Vols.  8,  9  and  10. 

From  the  Author  DR.  H.  M  CHANCE,  Member 
of  the  Club. 

Chance — The  Construction  of  Geological  Croats 
Sections. 

Chance — An  Analysis  of  the  Fire-damp  Explo- 
sions in  the  Anthracite  Coal  Mines,  from 
1870  to  1880. 

Chance— The  Auriferous  Gravels  of  North  Caro- 
lina.    l^bl. 

From  MR.  P.  H.  BABRMANN.  Memb«r  of   the 

Club. 
26th  Annual  Report  of  Water  Commiaslonerii, 
City  of  Troy  for  1S8•^ 

From    the    Author.  MR.    RUSSELL    THAYER, 

Member  of  the  Club 
The  Public  Parks  and  Gardens  of  Gnrope      A 

Report  to  the  Commissioners  of  Fairmount 

Park. 

From    MR.  HOWARD    MURPHY,    Member  of 

the  Club. 
Pennsylvania — Railroad  and  County  Map.    De- 
partment of  Int.  Affairs.    ISSl. 

THE  FOLLOWING  PUBLICATIONS  have  been 

added  to  the  Exchange  List  of  the  Club. 
The  Mechanical  Engineer,  New  York. 
The  Sanitary  Engineer,  New  York. 
Portefeuille  Economiqne  des  Machines,  Parli*. 
Nouvclles  Annales  de  la  Coustrnction,  P«,rif* 
The  Leffel  Mechanical  News,  Springfield,  Ohio. 
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LIST  OF  MEMBERS. 

Additions  to  June  18th,  1S81. 
Active. 

Elected  May  2l8t,  1881. 

Evans,  George  F.,  Civil  Engineer,  U*  S.  Engineer's  Office,  1125 

(iirard  St.,  Phi  la. 
Strong,  George  S.^  Mechanical  Engineer,  care  of  C.  D.  Wain- 

wright,  78  Kilby  St,  Boston,  Mass. 
LoDEKSj  Harrison  C,  Metallurgist    and    Manufacturer,  2216 

Spruce  St.,  Phila. 
Matlack,  D.  J*,   Forenmn   of  Foundry,  Port  Richmond  Iron 

Works,  1515  Marshall  St,  Phila. 
YocuM,  Jacob  H.,  Civil  and  Mining  Engineer,  302  State  St., 

Camden,  N.  J. 
Macfarlane,  C,  W,,  Mechanical  Engineer,  with  Wm.  Sellers  & 

Co.,  1000  llamiltun  E^t.,  Pliila. 
EvAKs,  L,  P.,  Assistant  Engineer,  Philadelphia  Bridge  Works, 

Pottstown,  IV 
Spencer,  Graham,  Superintendent  American   Kaolin  Works, 

Kaolin  P.  0,,  Chester  Co.,  Pa. 
Roberts,  Thomas  A.,  Superintendent  Bedford  Division  Penna* 

R  R,,  Bedford,  Pa. 
Dawson,  Edwix  F.,  Aasistant  Engineer  IL  S.  Engineer  Depart- 
ment, 1722  Wallace  St,  Phila. 

Elected  June  H3th,  1881. 

Dd  Barry,  Joseph  N.,  Assistant  to  President  Penna.  R.  R.,  233 

South  Fourth  St„  Phila. 
Cassin,  Isaac  B.,  Mechanical  and  Civil  Engineer,  1404  North 

Twelfth  St;  Phila. 
Smith,  Edwin  F.,  Chief  Engineer  of  Canals,  P.  &  R.  R,  R.,  Read- 
ing, Pa. 
Africa,  J*  Simpson,  Civil  Engineer  and  Surveyor,  320  Penn  St, 

Huntingdon,  Pa. 
Gamdineh,  John,  Civil  Engineer,  Department  of  Internal  Affairs, 

Harri^hurg,  Pa. 
Geer,  Harvky  M.,  Civil  Engineer,  Troy,  N.  Y, 
C(K>PKK,  William  B  ,  Civil  Engineer,  Fort  Edward,  N.  Y* 
Merriman,  Mansfield,  l*rofes&or  of  Civil  Engineering,  Lehigh 

University,  Bethlehem,  Pa. 
BiLLiN,  William  L.,  Mining  Engineer,  Poncha  Springs,  Chaftee 

Co  ,  Colorado. 
WiLKiNs,  William  G.,  Civil  Engineer,  Penna,  R.  R.  Co.,  233 

South  Fourth  St/ Phila. 

Note. — A  complete  revised  List  of  Members  will  teptibluhetlp  in  vlmh  mil  cbntigfs 
mad  corretTtiona  Jiiaj  he  seen. 
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RULES 

For  the  Award  of  the  Prize  of  $100.00  offered 
BY  A  Member  of  the  Club,  May,  1881. 

1. 
The  prize  shall  be  divided  into  two  prizes  of  Fifty   Dollars 
each,  which  shall  be  awarded  for  the  two  papers,  one  upon  a  sub- 
ject in  Mechanical  and  the  other  in  Civil  Engineering,  which 
shall  be  deemed  the  most  deserving  in  their  respective  classes. 

2. 

Competition  for  either  of  these  prizes  shall  be  confined  to  origi- 
nal papers,  contributed  by  Active  Members  of  the  Club  and  not, 
prior  to  the  period  of  competition,  read  or  printed  within  the 
Club  or  elsewhere. 

3. 

All  papers  intended  for  competition,  in  common  with  all  other 
papers  read  before  the  Club,  shall  become  the  exclusive  property 
of  the  Club,  with  the  right  to  publish  the  same  in  the  Proceed- 
ings under  the  existing  rules  for  the  publication  of  papers. 

4. 
The  Committee  of  Award  shall  be  elected  by  the  Board  of  Di- 
rectors and  sliall  consist  of  three  members  of  the  Club  who  shall 
not  have  contributed  papers  during  the  period  of  competition. 

5. 
It  shall  be  the  duty  of  the  Committee  of  Award,  in  determin- 
ing the  successful  papers,  to  accord  great  weight  to  careful  and 
thorough  investigation  and  to  practical  value  as  compared  with 
theoretical  discussion. 

6. 

Competition  shall  bo  limited  to  all  papers  read  before  the  Club 

between  and  inckiding  the  first  meeting  in  September,  1881,  and 

the  first  meeting  in  April,  1882,  and  the  Committee  of  Award 

shall  announce  their  decision  at  the  las^  meeting  in  June,  1882. 

7. 
The  prizes  shall  be  awarded  in  money,  but,  if  the  recipients  fo 
request,  shall  be  converted  by  the  Committee  of  Award  into  such 
testimonials  us  the  recii)ients  may  select  and  the  Board  of  Direc- 
tors approve. 
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USE  OF  COMPRESSED  AIR  MOTORS  FOR  STREET  CARS. 


Report  to  the  Fneumitic  Traimway  Engine  Co.j  of  K.  V.,  by  General  H,  Haupt,  C,  E*, 

Honorary  Member* 

Eeftd  March  l,  1^79,  by  Prof,  L,  Mr  Haupt,  Member, 

New  York,  February  aoih,  1879. 
To  Henrv  Harley,  Esq,, 

General  Agent  of  the  Pneumaric  Tramway  Engine  Company, 
Sir; — Candor  compels  me  to  acknowJedge  that  I  approached  the  cons'idera- 
tinii  of  tht^  annlicahilitv  of  rnmnre:ssftd  mr  n*;  ^  mntor  for  cltP^t  p^ritrin^Ji  with 


We  aue  iudobtcsl  t*^  Geii*l  Huupt  r«ii"  tl»e  iiso  of  the  priiititHl  tAwvt^ 

iof  his  Report  t4>  tlie  Pneumatic  Railway  Company  of   J^ow   York, 

Ttik  fact  will  explain  the  want  of  unil'ormity  in  tyj^e  and  paging  with 

^he  PROCEEUIKGS  pmiior. 


ppose,  tor  tne  saKe  ot  illustration,  tiut  tnere  were  ten  comprestiors 
connectetl  with  one  shaft,  and  that  it  was  proposed  to  compress  the  air  to 
ten  atmospheres.  There  would  be  ten  discharges  into  the  receiver  at  each 
revolutionj  each  discharge  being  one-tenth  of  a  cylinder,  and  the  sum  of  the 
whole  equal  to  one  full  cylinder  at  the  proposed  maximum  tension. 

The  power  exerted  in  effecting  the  compression  in  each  cylinder  would 
be  in  proportion  to  the  mean  pressure  throughout  the  stroke,  if  the  air  cut 
off  at  one-tenth  were  allowed  to  expand,  which  is  3.  joa,  and  if  the  air  was  not 
used  exjx^nsively  the  theoretical  loss  without  allowance  for  friction  would  be 
as  3,3  to  I  j  and  with  friction  fully  as  5  to  1 , 

But  the  air  can  be  and  is  used  expansively,  and  the  simple  device  of  a 
fiy  wheel,  by  which  momentum  can  be  i^tored  up  and  nmintain  uniformity 
during  a  revolution,  secures  equally  favorable  results  with  a  small  as  with  a 
large  number  of  compressors  connected  with  a  shaft,  and  I  see  no  r^son 
whatever  to  question  the  resjults  claimed  for  the  compressors  manufactured 
at  the  Delamatcr  works,  and  now  usetl  on  the  Second  Avenue  Railroad, 


[2] 

of  50   horse  power  of  compressed  air,  capable  of  being  fully    utilized  for 
every  loo  horse  power  expended  in  the  engine  which  works  the  compressors. 

But  it  will  be  said  there  is  still  a  loss  of  one-half  as  compared  with 
steam  applied  directly.  I  answer,  Not  so ;  and  in  this  fact  is  found  the 
key  to  the  solution  of  the  problem,  and  to  me  it  was  a  most  unexpected 
and  satisfactory  result. 

The  minimum  of  weight  is  essential  in  a  locomotive  engine.  Heavy  ap- 
pliances for  securing  economy  of  fuel  cannot  by  any  possibility  be  applied 
to  them.  Compound  and  condensing  engines  are  entirely  inadmissable  on 
wheels,  but  all  the  known  economies  in  engines,  regardless  of  weight,  can 
be  introduced  in  stationary  plant,  and  Corliss,  Delamater  and  others,  now 
secure  as  an  ordinary  result,  a  duty  of  one  horsepower  from  2  J4  pounds  of  coaL 

At  the  Holly  Works  at  Lockport,  which  claim  an  exceptionally  high 
average  duty,  the  daily  evaporation  is  nine  pounds  of  water  to  one  pound 
of  coal  under  25  pounds  pressure,  or  seven  pounds  of  coal  to  one  cubic 
foot  of  water  evaporated ;  and  in  small  boilers,  such  as  are  used  for  heating 
purposes,  the  average  evaporation  under  ten  pounds  pressure  is  only  four 
pounds  of  water  per  one  pound  of  coal,  or  15.7  pounds  of  coal  per  cubic  foot 
of  water  evaporated. 

One  cubic  foot  of  water  evaporated  per  hour  is  usually  taken  as  a  horse- 
power, but  at  one  atmosphere  effective  pressure  it  produces  rather  less  than 
33,000  foot-pounds,  so  that  the  consumption  of  these  small  boilers  would  be 
fiilly  16  pounds  per  horse-power. 

With  no  very  reliable  data  to  determine  the  consumption  of  coal  and 
evaporation  of  water  in  ordinary  street  motors,  it  will,  no  doubt,  be  greatly 
in  their  favor  to  credit  them  with  developing  a  horse-power  with  ten  pounds 
of  coal ;  and  the  conclusion  therefore  is,  that  although  one-half  the  power 
of  the  stationary  engine  is  lost  in  compressing  air,  yet  the  economy  of  fuel 
can  be  made  so  great  that  a  given  amount  of  power  in  compressed  air  is 
secured  at  one-half  the  cost  of  the  direct  application  of  steam  to  street  motors. 

But  this  is  not  aH.  By  the  simple  device  of  heating  the  air  by  passing 
it  through  a  tank  of  water  it  is  claimed  as  the  result  of  constant  practice  in 
Paris,  confirmed  by  recent  experiments  on  the  Second  Avenue  Railroad, 
that  the  capacity  for  work  is  doubled,  or  the  gain  100  per  cent.,  making  the 
economy  of  power  as  compared  with  the  direct  application  of  steam  to  street 
motors,  measured  as  it  should  be,  by  coal  consumed,  four  to  one  in  favor  of 
compressed  air.  I  propose  to  examine  whether  this  claim  can  be  considered 
theoretically  well  founded. 

Air  is  compressed  into  the  car  reservoirs  under  a  pressure  of  350  pounds 
per  square  inch,  or  24  atmospheres,  nearly. 


13] 


I 


It  is  not  applied  directly  to  the  motor  cylinders  at  this  pressure,  experi- 
ence having  shown  that  the  best  practical  results  are  secured  at  16  atmos- 
pheres, about  240  pounds. 

But  the  air  is  not  applied  cold,  it  is  admitted  to  a  tank  of  water  placed 
on  the  front  platform  of  the  car,  containing  5  cubic  feet  of  water,  drawn 
from  astationary  boiler,  under  80  pounds  pressure  and  having  a  temperature 
of  328  degrees. 

If  air  h  admitted  to  the  tank  at  60^;  and  leaves  it  at  328"^,  the  increase 
of  temperature  will  be  (328 — 6o)=:26S°. 

To  raise  one  pound  of  water  from  32°  to  212^  or  iSo'^,  requires  as 
much  heat  as  would  raise  4.27  pounds  of  air  through  the  same  range.  The 
specific  heat  of  air  as  compared  with  water  being  as  2377  to  i,  one 
pound  of  air  increases  in  vohime  by  heat  from  11*387  cubic  feet  at  32°  to 
1 9, 3 2 3* cubic  feet  at  32S-=;6.936  cubic  feet  increase. 

The  volume  of  air  at  24  atmospheres  being  r,  the  volume  at  16  atmos- 
pheres would  be  1,5,  If  the  volume  of  air  at  32^  be  i|  the  volume  at  60^ 
will  be  1.061,  and  at  318^=1,59.  It  appears,  therefore,  that  in  heating  a 
given  quantity  of  dry  air  to  ^zB^,  it  will  be  increased  in  volume  imder  con- 
stant pressure  over  50  per  cent.,  and  under  constant  vohime  the  pressure 
would  be  increased  in  the  same  proportion. 

This  expansion  is  due  simply  to  dry  air ;  when  moisture  is  present  to 
the  point  of  saturation  the  pressures  are  greatly  increased. 

If  air  at  30 '^  be  taken  as  unityj  dry  air  at  212"^  will  occupy  a  volume  of 
1.375,  and  saturated  air  at  the  same  temperature  2,67a,  or  about  double. 

The  expansion  of  1000  cubic  feet  of  air,  from  o  to  3  28  degrees,  can  be 
determined  from  the  formula : — 


p+f         4584-ht 

T^V  X  —   X  

P+F         4584-^^ 


in  which  V,  P,  T  and  F  are  the  volume,  pressure,  temperature  and  elastic 
farce  of  vapor,  or  gas  at  the  original  temperature,  and  v>  p,  t  and  fat  the 
ncreased  temperature.     Substituting  we  find 


32.136+190       458.4 -rjaS 

=1000  X X 

32.136+-044  4S^-4-rCJ 

i^:=tOOOX6.9  X  1.716=11840. 


[*] 

Conceding  that  only  a  small  part  of  this  theoretical  expansioB  can  be 
reali2ed  in  practice,  as  the  air  when  expanded  in  the  nioior  cylinders  h 
cooled  very  rapidly  and  there  are  other  losses,  there  is  still  a  wide  umrgin 
to  justify  the  claim  of  double  power  from  healing  the  air*  I  admit  1  wa.^ 
incredulous  when  I  saw  it  first  stated  as  the  result  of  eKpenments  in  Paris 
and  when  your  very  intelligent  engineer,  Mr.  Hardie,  assured  me  posili%*ely 
that  the  declaration  was  fully  sustained  by  actual  work  on  the  Second  Ave 
nue  Rail  Road,  where  double  mns  of  634  miles  had  been  accomplished  with  the 
same  expenditure  of  moist  and  heated  air  as  single  runs  of  $J/£  miles  with 
dry  air ;  but  I  am  now  prepared  to  credit  the  assertion  and  the  inevitable 
conclusion  tliat  results  therefromj  that  the  power  secured  and  utilised  in  air 
compressed  with  the  best  engines  and  compressors  now  in  use  costs,  as  com- 
pared with  ordinary  steam  street  motors,  only  one-fourth  as  much  per  horse 
power  measured  by  the  coal  actually  consumed. 

The  air  is  not  admitted  to  the  motor  cylinder  at  350  pounds  prcs^ 
sure,  but  at  a  much  lower  pressure,  so  that  after  passing  the  tanks  and 
becoming  heated  and  charged  with  vapor,  it  enters  the  cyHnders  at  250 
ixjunds,  requiring  but  a  comparatively  small  volume  of  the  dry  air  from 
the  reservoirs  to  do  the  work. 

This  iMifonnity  of  pressure  is  secured  by  means  of  a  reducing  valve 
placed  in  the  p>pe,  which  acts  automatically  until  the  pressure  is  reduteil 
below  the  pressure  of  admission*  When  the  air  lias  become  so  far  exhausted 
as  to  fall  below   this  pressure,  the  reducing  valve  remains  fully  ojien. 

If  the  water  should  be  cooled  down  100  degrees  the  power  of  the  licated 
air  would  be  reduced,  but  would  still  retain  great  efficiency. 

It  can  readily  be  understood  therefore  that  a  very  important  gain  results 
from  heating  the  air,  and  the  economy  of  the  arrangement  is  so  great  that  it 
should  never  be  omitted. 

REDirCTlON    OF    THE    TEMPERATURE  OF  THE   WATER   IK    RUNKlNG    A   GITEM 

DISTANCE  AND  THE  COST  OF  HEATING  THE  Alft, 


Suppose  one  mile  be  taken  as  the  distance  run.  The  tank  comains  5 
cubic  feet  of  water:=62j^X5^3t2  pounds,  and  312  pounds  contain 
a  total  above  zero  of  3x2x3^^=^02336  units. 

The  motor  cylinders  are  6j4  inches  diameter  and  13  inches  stroke,  con- 
taining each  43 1. 38  cubic  inches,  and  the  two  cylinders  862*76  cubic  inch^. 

Allowing  3  per  cent,  clearance  the  cubic  contents  at  each  revolution  of  the 
wheels  will  be  one  cubic  foot  very  nearly. 
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The  diameter  of  the  wheels  being  28  inches,  the  number  of  revolution! 
in  one  mile  will  be  52SO"i-(28X3-i4i6-!~i2)=72o,  and  the  expenditure  of 
misted  air  and  vapor  will  be  720  cubic  feet  in  one  mile* 

Assuming  the  work  actually  done  to  be  doubled  by  the  heat  and  vapor, 
one  half  or  360  cubic  feet  per  mile  at  atmospheric  tension  will  be  estimated  as 
lb e  consumpt  1  on  of  d ry  ai r.  Th  1  rteen  cubi c  fee t  of  dry  air  at  the  tempe ratur e 
of  60^  and  atmospheric  pressure  weigh  one  pound,  and  the  specific  heat  of  air 
being  .2377  it  will  require  ij-i-. 237 7=54  cubic  feet  of  dry  air  raised  one 
de^ee  to  be  equivalent  to  one  pound  of  water,  or  to  absorb  one  unit  of  heal 
for  each  degree  of  temperature.  As  360  cubic  feet  of  dry  air  are  expended  in 
one  mile,  360^54^=6,6  heat  units  required  for  one  degree  and  to  heat  360 
cubic  feet  of  air  from  60^  to  an  average  temperature  of  256^^196^  will 
require  196x6.6^=1294  units. 

But  the  air  does  not  remain  dry  in  passing  through  the  tank.  It  has 
been  demonstrated  by  actual  work  on  the  Second  Avenue  Rail  Road  that 
in  three  trips  of  9^  miles,  starting  with  350  pounds  and  finishing  with  85 
pounds  pressnrct  the  water  absorbed  was  3  inches  in  a  tank  of  20  inches  in 
diameter,  which  is  very  nearly  4  pounds  of  air  to  one  pound  of  water  ex- 
pended, 4  pounds  of  air;=4X  1 3=5  2  cubic  feet  and  360-^-5  2==7  pounds 
of  water  nearly  consumed  per  mile,  and  at  an  av^erage  temperature  of  256^ 
the  number  of  heat  units  absorbed  per  mile  in  water  would  be  256X7^ 
1792^  and  adding  the  1294  units  required  to  heat  the  air,  the  total  units  ab- 
sorbed per  mile  will  be  1792+1294=3086.  As  the  tank  contained  above 
212^  36,192  units,  36^192-5-3086=11.7  miles  as  the  run  for  which  the 
water  should  suffice- 

It  is  not  claimed  that  these  calculations  are  rigidly  eaeact,  for  the  amount 
of  vapor  condensed  in  expansion  in  the  cylinders  and  cooled  by  radiation 
it  would  be  difficult  to  compute,  and  is  unnecessary.  As  the  work  is 
conceded  to  be  doubled  by  the  use  of  the  hot  water^  it  simplifies  the 
problem  to  assume  a  half  instead  of  a  full  cylinder  of  air  to  do  the  work, 
leaving  heat  and  vapor  to  supply  the  balance* 

COST  OF   MEATIKG   THE  AIR   PER   MILE. 

To  raise  5  cubic  feet  of  water  from  212^  to  328°  reqtiires,  as  we  have 
seen,  36,192  units,  or  1,251  units  per  mile.  Allowing  8,000  units  of  beat 
per  pound  of  coal  coa^umed,  the  coal  required  to  heat  the  5  cubic  feet  of 
water  would  be  36ji92-!-8,ooo=-4.5  pounds,  at  a  cost  of  one  cent,  and 
this  is  less  than  average  duty. 

It  would  seem  from  the  result  of  this  calculation  that  fnlly  100  per  cent, 
has  been  added  to  the  power  of  the  engine  and  to  the  miles  run,  at  a  coal 
of  one  cent  in  coal  for  heating  the  w^ater* 
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HOW    MANY    ^ULES   WILL   THE  PNEUMATIC  MOTOR  RUN? 

The  air  reservoirs  contain  i6o  cubic  feet  at  24  atmospheres.  The  equiva- 
lent at  one  atmosphere  is  3840  cubic  feet.  Allow  one-third  to  be  retained  as 
reserve,  there  will  be  left  to  be  utilized  2560  cubic  feet.  But  in  conse- 
quence of  vapor  and  expansion  by  heat,  this  quantity  is  practically  equiva- 
lent to  5120  cubic  feet  at  the  escaping  tension.  The  number  of  cubic 
feet  of  air  and  vapor  expended  per  mile  run  has  already  been  ascertained 
to  be  720  cubic  feet;  and  5120-5-720=7.1  miles  nearly,  still  leaving  a  re- 
serve of  one-third. 

But  it  has  been  found  that  the  actual  performance  exceeds  this  theoretical 
limit,  and  that  starting  with  350  pounds  pressure,  9^  miles  liave  been  run 
with  a  reserve  of  85  pounds.  How  can  this  be  accounted  for  ?  Simply 
by  the  fact  that  the  estimate  of  7.1  miles  was  based  on  the  supposition 
that  a  cylinder  of  mixed  air  and  vapor  at  atmospheric  tension  was  expended 
at  each  stroke.  If  nearly  50  per  cent,  more  duty  was  actually  secured,  it 
proves  that  less  than  a  cylinder  of  air  and  vapor  did  the  work. 
/  But,  it  may  be  asked,  how  is  this  possible  ?  How  can  expansion  be 
carried  beyond  atmospheric  tension  without  creating  a  vacuum,  and  losing 
power  by  working  against  back  pressure  ?  This  question  I  asked  of  Mr. 
Hardie  and  the  explanation  brought  to  light  another  beautiful  feature  of  this 
motor.  There  are  valves  called  suction  valves  in  the  exhaust  passages,  and 
whenever  the  tension  of  air  in  the  cylinder  falls  below  that  of  the  atmos- 
phere, these  valves  open  and  permit  the  stroke  to  be  completed  without  back 
pressure,  so  that  it  is  not  necessary  to  use  more  air  than  will  overcome  the 
resistances,  and  this  may  vary  from  a  full  cylinder  to  a  very  small  fraction, 
or  between  limits  as  extreme  as  one  to  thirty. 

INCREASED  POWER  FROM  MOTOR  CYLINDERS  ACTING    AS    AIR  PUMPS. 

The  motor  cylinders  are  so  arranged  that  in  descending  steep  grades 
they  act  as  air  pumps,and  at  the  same  time  as  brakes, by  which  means  it  is  found, 
as  stated  by  the  company's  engineer,  Mr.  Hardie,  that  in  running  down 
grade  on  the  Second  Avenue  Railroad,  pumping  back  against  a  pressure  of 
200  pounds  in  the  receiver,  the  pressure  was  increased  7  pounds  in  a  dis- 
tance of  .4  mile.  As  it  requires  360  cubic  feet,  to  run  one  mile,  0.4  miles 
would  require  144  cubic  feet. 

If  the  pressure  were  increased  7  pounds  in  a  receiver  containing  160 
cubic  feet  at  200  pounds,  the  air  pumped  back  would  have  been  5.3  cubic 
feet  at  200  pounds  in  0.4  of  a  mile,  equal  to  69  cubic  feet  at  atmospheric 
tension,  which  is  about  half  the  amount  of  air  that  would  have  been   ex- 
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'  pen ded  in  running  an  equal  distance  with  the  aid  of  the  heat  ou  a  level, 
with  a  consumption  of  one  cylinder  of  air  at  each  stroke,  but  with  actual 
results  50  per  cent,  greater. 

To  appreciate  the  importance  of  this  resah  it  must  be  obser\'ed  that  not 
only  IS  all  the  air  saved  in  running  down  hill  and  not  a  jiarticle  used,  but 
half  as  much  or  more  as  would  have  been  expended  with  the  aid  of  heat  and 
vapor  upon  a  level  is  pumped  back  again,  and  at  the  same  time  the  action 
of  pumping  back  acts  as  a  most  efficient  brake,  the  efficiency  of  which  is 
spoken  of  by  the  intelligent  mechanical  engineer  of  the  Delamater  works  in 
temis  of  the  highest  commendation. 

This  is  certainly  a  most  extraordinary  result,  and  so  large  a  percentage 

of   gain  is  only  possible  in  consequence  of  the  great  expansion  in  the 

.  motor  cylinders.     The  air  and  vapor  escape  at  the  tension  of  the  aimos- 

[;plicre,  without  the  noise  which  attends    the    escape    of   high    pressure 

When  the  air  at  attnospheric  tension  is  pumped  back  again »  tt  can 

iily  be  perceived  that  a  certain  percentage  of  the  power  expended  will  be 

restored,  since  only  half  a  cylinder  of  air  or  less  is  required  to  do  the  work* 

at  each  stroke. 

Such  a  contrivance  can  only  be  characterized  as  admirable^  and  it  will 
be  perceive*!  adds  another  considerable  percentage  to  the  gain  in  coal  as 
I  oampared  with  steam  motors. 

When  a  locomotive  engine  shall,  while  runnings  be  able  to  manufacture 
coal  and  store  it  in  the  tender,  it  will  then  be  able  to  rival  this  performance 
of  the  pneumatic  motor. 

I       It  has  been  shown  that  at  atmo^heric  tension  the  contents  of  the  motor 

cylinders  are  just  one  cubic  foot  for  each  revolution  of  the  car  wheels  and 

that  there  are  720  revolutions  per  mile.      There  should  be  pumped  back 

I  therefor  720  cubic  feet,  if  the  inclination  were  steep  enough  to  employ  full 

[.power,  and  which  1  find  by  computation  to  be  198  feet  per  mile;  and  when 

'  heated,  saturated  and  expanded^ihis  air  should  nm  the  car  two  miles  or  more 

instead  of  one.     In  other  words,  while  running  down  hill  one,  mile  on  a  grade 

of  198  feet  J  the  motor  theoretically  might  store  up  enoiigh  to    nm   it  Lwti 

miles  on  a  level ;  and  recent  experiments  have  shown  that   50  per  cent 

may  be  added  to  this  estimate, 

k  UE/iT   AND  COLD   BV   COMPRESSION   AND   EXPANSION. 

In  some  forms  of  pjneumatic  apparatus  much  inconvenience  has  been 
experienced  from  the  heat  liberated  in  compreisioni  and  again  from  the 
intense  cold  resulting  from  eximnsion  which  deiX)sited  ice  in  the  cylinders 
and  ports  when  moisture  was  present,  as  it  ahvays  is  in  air  in  its  ordinary 
condition.     It  has  been  stated  by  \\Titers  on  pneumatics  that   one  pound 
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of  air  at  one  atmosphere  and  at  6q^  compressed  to  two  atmospheres  b  hea- 
ted 1 1 6  °,  and  the  units  of  heat  hberated  per  pound  are  •ajSXi  16=17.6  onite. 

Conversely  the  expansion  of  air  causes  an  absorption  of  heat  or  prodjic- 
tive  of  cold  to  a  corresponding  extent. 

The  compressors  constructed  at  the  Delamater  works  in  New  Yoii 
secure  absolute  exemption  from  the  inconveniences  both  of  heat  and  cold 
The  apiKU"atus  now  in  actual  use  01  the  Second  Avenue  Railroad  conska 
of  an  engine  with  two  steam  cylinders  it  inches  diameter  and  36  ioc 
stroke,  operating  two  double  acting  compressors  of  same  stroke,  one  < 
which  has  a  diameter  of  13  inches  and  the  other  a  diameter  of  6)4  inche 

The  namber  of  strokes  per  minute  in  charging  a  car  arc  76  at  the  i 
mencement  and  70  at  the  end  ;  the  difference  being  caused  by  the  diffei 
ence  in  work  to  be  perfonned* 

The  fly-wheel  weiglis  about  4  tons  with  a  diameter  of  about  10  feet. 

The  air  cylinders  are  jacketed,  and  a  current  of  cold  water  circulate 
around  them  continually. 

The  air  compressed  in  the  first  compressor  to  about  5  atmospheres^^ 
passes  into  a  tank  of  water  in  which  the  water  is  kept  cold,  and  from  thenc 
into  the  second  compressor,  where  it  is  reduced  in  volnme  one-fifth  a  secon 
time,  making  one- twenty-fifth  of  its  original  volume. 

The  water  tanks  perform  a  most  important  oflUce,  not  only  in  coolii 
the  air,  but  strange  as  it  may  seem,  in  diying  it  also. 

The  explanation  of  this  apparent  inconsistency  is  simple : 

Ordinary  atmospheric  air  contains  more  or  less  water,  which  on  rediic-< 
tion  of  temperature  below  the  dew  point,  is  deposited  to  a  certain  extent 
on  cold  surfaces. 

In  compressing  25  cubic  feet  of  air  into  one,  and  cooling  it  with  water  it  _ 
is  estimated  that  twenty-four  parts  out  of  twenty-five  of  the  water  will  1 
absorbed  and  removed, 

^Vhen   this  dry  air  is  again  expanded  by  being  utilized  in  the  motor,  it^ 
cannot  deposit  ice,  because    there  is  no  contained  water  to  form  ice, 
hence  the  factj  which  it  is  said  has  excited  great  surprise  amongst  observersi^ 
that  no  frost  whatever  was  formed  except  on  the  outside  of  the  pipes  fs^ 
condensation  of  outside  moisture. 

Mr.  Hardte  stated  that  when  the  pressure  ran  low  and  the  temperatur 
of  the  tanks  fell  below,  about  100^  frost  began  to  be  formed.     This  is  pn 
cisely  as  should  be  expected.     If  air,  in  being  compressed  to  one^bjdf  it^ 
volume,  liberates  ti6  degrees  of  heat,  it  must  absorb  an  equal  amomitiD 
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laxpanding,  and  if  the  water  has  cooled  so  low  as  not  to  funiish  sufficient  heat 
[to  compensate  for  it,  the  moisture  taken  from  the  water  tank  must  form  frost 
|to  some  extent. 

It  was  obser%^ed  hy  Mr.  G.  H.  Reynolds,  of  the  Delamater  Works,  that 

the  heat  liberated  in  proportion  to  the  powef  secured  was  much  less  at  high 

than  at  low  pressures.     The  fact  had  not  previously  been  brought  to  my 

lattention,  but  1  think  a  satisfactory  eiqjlanation  can  be  given.     Imagine  a 

vessel  containing  one  pound  of  air  at  ordinary  tension   1 3  cubic  feet,  the 

I  base  I  square  foot  and  height  13  feet.     If,  by  means  of  a  piston,  this  air 

Ishcmld  be  forced  into  one-half  the  space,  or  6}4  feet,  the  pressure  would  be 

iincreased  to  30  pounds,  and  the  work  done  would  be  31.528  foot  pounds. 

I  One  pound  of  water  raised  i'^  is  equivalent  to  772  foot  poimds,  and  as  the 

[specific  heat  of  air  is  .25S,  772X*238=i84»  the  foot  pounds  expended  in 

^  heating  i  pound  of  air  i  ^.     Then  2 1 ,528^184^1  i6^i=the  heal  liberated  in 

compressing  one  pound  of  air  into  half  its  volume. 

Now  suppose  the  6}i  cubic  feet  of  air  should  be  again  compressed  one* 
'  half,  or  to  ^)^f  the  final  pressure  would  be  60  pounds,  and  the  space  3^  feet 
and  the  work  21.52S  foot-pounds  as  before,  representing  1 16'^  of  heat.  But 
with  these  116^  of  heat  the  pressure  has  been  increased  from  2  atmospheres 
to  4.  and  in  like  manner  from  4  to  8,  from  8  to  16,  and  from  16  to  33, 
would  each  require  but  116^,  and  at  the  end  16  atmospheres  of  additional 
pressure  have  liberated  only  as  much  heat  as  one  atmosphere  at  the  com* 
mencement.  Assuming  that  the  heat  when  liberated  has  been  atsorbed  so 
as  to  secure  isothermal  contnction  of  volume. 

I  This  consideration,  with  others^  induces  Mr.  Reynolds  to  favor  the  use  of 
much  higher  pressures,  nmning  up  to  at  least  500  pounds ;  in  this  way  double 
ihe  power  could  be  secured  with  an  increase  of  weight  only  in  the  receivers. 
There  are  at  present  practical  objections  to  this  increased  pressure,  as 
mechanical  difficulties  prevent  the  proper  utilization  of  pressure  over  250 
pounds,  and  all  the  extra  power  expended  in  compression  would  be  lost. 
The  only  benefit  would  be  in  securing  additional  reservoir  capacity.     If 

(these  mechanical  difficulties  can  hereafter  be  overcome,  the  use  of  pressures 
of  500  pounds  would  be  a  great  advantage,  and  there  would  be  no  trouble 
in  making  the  receivers  sufficiently  strong  to  carry  it. 

In  the  admimble  system  of  water  works  machinery  designed  by  Mr* 
Holly,  of  Lockport,  steam  admitted  to  one  cylinder  and  there  expanded  is 
exhausted  into  and  re -expanded  in  three  others,  securing  great  economy. 
If,  instead  of  being  of  the  same  size,  one  large  and  one  small  motor  cylin- 
der were  employed,  and  the  air  from  the  small  cylinder  exhausted  into  the 
water  tank  at  the  proper  tension,  say  125  pounds,  to  be  moistened  and 
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heated  and  then  sent  to  the  larger  cylinder  at  250  pounds,  possibly  some 
such  plan  would  permit  the  use  of  air  at  500  pounds,  in  which,  I  fully 
agree  with  Mr.  Reynolds,  there  would  be  great  advantage  ;  and  I  would 
here  venture  another  suggestion  in  regard  to  future  possibilities  of  com- 
pressed air.  Why  can  it  not  be  compressed  to  high  tensions  by  cheap 
power,  transmitted  for  considerable  distances  through  pipes,  and  used  ex- 
pansively in  compound  engines  with  heater,  without  the  annoyance  and 
risk  of  large  boilers  and  coal  consumption  on  the  premises  where  the  powder 
is  utilized?  There  is  no  reason  to  apprehend  danger  from  this  increase  of  pres- 
sure. The  air  receivers,  unlike  steam  boilers,  never  deteriorate;  the  air  being 
perfectly  dry,  and  the  receivers  coated  internally,  there  can  be  no  rust ; 
and  if  pressure  is  increased,  the  thickness  of  material  can  be  increased  also, 
and  the  factor  of  safety  remain  the  same.  Any  defect  of  material  or  work 
would  be  revealed  by  proper  tests,  and  if  a  rupture  should  occur,  there 
would  be  only  an  escape  of  cold  air — no  steam  and  no  fragments  of  iron. 
A  cylinder,  fully  charged,  was  ruptured  in  France  purposely  by  the  fall  of 
a  heavy  weight.  The  air  escaped  simply  with  a  hissing  sound ;  no  frag- 
ments were  projected  as  in  explosions  of  steam  boilers,  and  cold,  not  heat, 
resulted  from  the  expansion. 

WHAT   GRADES   CAN   THE  PNEUMATIC   MOTOR    OVERCOME,   AND   WHAT    LOAD 

CAN  IT  CARRY  ? 

These  are  pertinent  questions  and  can  be  readily  answered.  Ordinary 
locomotives  are  so  proportioned  in  their  boiler  and  cylinder  capacity  as  to 
be  able  to  slip  their  wheels  on  a  dry  rail  if  the  engine  should  be  chained 
fast,  so  that  it  could  not  advance  upon  the  track. 

In  that  case  the  adhesion  which  is,  at  a  maximum,  about  one-fifth  of  the 
weight  upon  the  drivers,  measures  the  power  of  the  engine  and  not  the  pres- 
sure in  the  cylinders.  The  power  varies  and  is  greatly  reduced  in  bad 
conditions  of  the  track. 

Power  of  Motor  Cylinders.  Assumed  that  the  air  is  used  under  1 6  atmos- 
pheres, cutoff  at  one-sixteenth  and  expanded  to  fill  a  cylinder  at  atmospheric 
tension,  giving  mean  pressure  .236.  The  initial  pressure  being  1 6  atmospheres 
the  mean  pressure  is  i6X. 236=3. 776  atmospheres  and  3.776X15=56.64 
pounds  per  square  inch.  The  diameter  being  6j^  inches,  the  area  is  33.18 
and  the  piston  pressure  33.18x56.64=1879  pounds.  If  the  air  should  be 
cut  off  at  ^,  instead  of  1^0,  the  mean  pressure  would  be  6.158,  and  the 
crank  pressure  3064. 

There  are  2  cylinders,  cranks  at  right  angles,  one  at  full  stroke  when 
the  other  is  on  its  centre.     The  weight  of  the  car  loaded  is  8  tons.     There 
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are  four  wheels  connected.  Weight  on  drivers  i6ooo,  adhesion  one'fifth= 
3200  pounds.  The  radius  of  the  wheel  is  14  inches,  and  of  the  crank  6^ 
I  inches,  then  3200X1^=6880  pounds  to  be  exerted  on  the  cmnk,  not  allow- 
ing for  friction  of  machinery,  if  it  be  required  to  slip  the  wheels  on  a  dry  rail. 
I  Or,  stated  in  other  tertm,  the  power  of  1S79  ponnds  at  the  crank  is  eqiiiva* 
H  lent  to  S71  at  the  rail,  and  3064  at  crank  to  1422  at  rail 
H  The  power  of  the  motor  cylinders  with  ordinary^  consumption  of  air  is 
^P  therefore  insufficient  to  slip  the  wheels  on  a  dry  rail,  but  with  street  motors 
so  large  an  amount  of  cylinder  power  ivi  would  be  required  for  that  purpose 
M  is  unnecessary,  owing  to  the  frequent  bad  condition  of  the  track,  a  large 
H  surplus  of  adhesion  is  required.  The  cylinder  power  can  be  increased  four* 
V  fold  by  admitting  a  full  cylinder  of  air,  but  this  would  be  objectionable^  as 
p  causing  waste  of  air  and  noise  from  exhaust. 

With  a  small  motor  of  6  tons  the  adhesion  would  be  reduced  to  2400 

lbs.,  and  the  crank  pressure  required  to  slip  the  wheels  to  5160  lbs.      The 

^  adhesion  in  ordinary  conditions  of  the  rail  is  therefore,  as  it  should  bCj  in 

B  excess  of  the  cylinder  power,  and  the  wheels  can  sbp  only  in  consequence 

of  ice  and   snow.     It  remains  to  determine  the  power  for  propulsion  on  a 

straight  and  level  track  and  the  power  required  on  grades. 

B        The  traction  of  ordinary  railroad  trains  is  9.2  pounds  per  ton  on  a 

straight  and  level  road,  based  on  the  regxilar  business  of  the  Pennsylvania 

Kailxoad,  but  with  a  street  motor  it  is  said  to  require  about  25  pounds  j>er  ton, 

eight  tons  require  200  pounds,  and  this  resistance  acting  on  a  lever  of  14 

inches  from  the  axle^  while  the  propelling  power  act^j  with  6%  inches,  will 

increase  the  jvower  <m  the  crank  to  aooXWs^=43o  pounds. 

B       As  the  power  on  the  crank  with  the  8  ton  motor  is  1879  lbs.,  it  would 

~  be  sufficient  to  niove  4  such  cars  or  jatunsona  straight  and  level  road,  not 

allowing  for  friction  of  machinery  and  losses  in  transmission  of  power  from 

the  crank,  if,  as  has  been  stated,  the  traction  does  not  exceed  25  pounds  per 

ton,  upon  which  this  estimate  is  based.     It  is  found  that,  when  dry  air  is  used 

and  the  machinery  is  cold,  the  pressure  of  the  air  by  gauge  indications  being 

B  ^*^  lbs.,  it  required  the  full  head  to  propel  the  car,  while,  where  warm  air  was 

usedj  the  car  moved  when  the  gauge  indicated  considerably  less  j>ressure. 

Twenty  pounds  pressure  is  i  J^  atmospheres.   The  average  mean  working 

pressture  is  3*776  atmospheres.      Twenty  pounds  produces  625  lbs.  crank 

pressure,  or  300  at  rail,  and,   if  this  amount   was   required   to   overcome 

friction  and  mtjve  the  motor,  it  would  be  equivalent  to  37 J4  pounds  per 

f  ion  instead  of  55  pounds,  and  absorb  50  per  cent,  more  jx^wer  than  has 

[  been  allowed,  but  it  h  stated  that  there  was  a  back  pressitre  at  the  time  of 

[ several  pounds  per  square   inch_,  in  consequence  of  tlie  small  size  of  the 


[12] 

exhaust  ports,  which  would  cover  a  coDsideiable  part  of  this  difiexmce* 
It  h  possible,  therefore,  that,  with  the  air  heated^  the  ttactloii  may  not 
exceed  25  pounds  per  ton^  but  it  would  be  weU  to  lest  both  the  tiactioiL 
ihe  motors  aod  of  ordinary  cars  by  a  dyBamometer* 

GftABES. 

It  has  been  shown  that  if  air  is  admitted  into  the  working  cylinder  at  i 
pressure  of  16  atmospheres,  cut  off  at  one-skieenth  of  the  stroke  and  expan- 
ded  to  atmospheric  tension,  the  mean  pressure  on  theorank  would  l>e  1879 
|)ound5  and  ihe  equivalent  to  overcome  resistance  at  the  rail  871  poundst 
capable  of  moving  on  a  straight  and  level  road,  if  all  could  be  utilta^edj  4  cars 
of  S  tons  Hith  traction  of  25  pounds  per  ton,  and  certainly  2  cars. 

Also  if  the  atr  should  be  cut  off  at  ^  the  mean  crank  pressiire  wotlld  be 
3064  pounds  and  the  equivalent  at  the  mil  1422  pounds^  capable  of  taoving 
4  stich  cars  upon  a  level.  As  the  angle  of  friction  with  traction  of  25  lbs,  per 
ton  is  66  feet  to  the  mile,  the  eight  ton  motor  should  be  able  to  haul  twice 
its  own  weight  on  a  grade  of  66  feet  or  2  cars,  on  a  grade  of  132  feet  i  car, 
but  2  cars  could  be  hauled  by  increasing  the  amount  of  air  and  cutting  of 
say  one-sixth  instead  of  one-eighth* 

TTie  eight  ton  motor  without  extra  care  attadied  should  be  able  to  over- 
come the  steepest  grades  usually  found  on  horse  railroads.  The  steep^t 
grade  on  the  Second  Avenue  Railroad  is  said  to  be  130  feet  to  the  mile  or 
one  in  twenty-three*  The  power  with  a  full  cylinder  of  air  would  be  about 
8  times  the  average  power  expended  in  working,  and  consequenily  the  resCTve 
is  large  enough  to  overcome  great  resistances  of  limited  duration. 


SMALL  MOTORS  OF  5  TONS  WITH  CARS  ATTACHED. 


It  would  be  a  most  serious  disadvantage  if  the  general  introduction  a 
pneumatic  motors  should  require  the  abandonment  of  the  old  plant* 
Forttinately  such  abandonment  is  not  only  unnecessary,  but  the  best  possi- 
ble system  for  the  economical  operation  of  a  line  and  for  the  accommoda- 
tion of  the  public  consists  in  the  use  of  small  cars  and  coupling  2  or  3  in  a 
train  under  one  conductor,  at  hours  when  the  travel  requires  it. 

Suburban  residents  desire  frequently  to  make  social  visits  or  to  attend 
lectures  or  places  of  amusement  in  the  neighboring  cities,  and  can  testify  to 
the  discomfort,  not  to  say  danger,  of  riding  home  late  at  night  with  one 
foot  on  the  platform  and  the  other  in  space. 

The  ordinary  horse  car,  loaded,  weighs  about  five  tons,  the  motor 
would  weigh  about  the  same,  or  with  six  tons  would  admit  a  large  increase  of 
cylinder  capacity  ;  there  would  then  be  no  pretext  for  objection  on  the 
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Aground  of  injury  to  track.  It  could  run  with  one  car  in  the  middle  of  the 
morning  and  evening  with  2  or  3  under  one  conductor.  It  could 
make  the  trip  in  half  the  time,  certainly  in  two-thirds,  of  the  horse  car  and 
lake  the  place  of  15  horses,  the  sale  of  which  would  pay  for  the  motor,  so 
that  there  would  be  no  expenditure  whatever  for  street  motors,  and  nothing 
except  for  engines  and  compressors  at  the  station. 

llie  small  motors  weighing  six  tons  would  have  the  same  cylinder 
jx>wcr  as  the  8  ton  motors  previously  described,  which  gives  871  or  1422 
pounds  at  the  rail,  as  the  air  is  cut  off  at  -^^  or  ^  of  the  stroke.  The  ad- 
hesion with  dry  rail  is  2500  lbs,  and  the  traction  of  the  motor  at  25  lbs,  per 

^ton  6X25— 150  i»mids. 

If  these  sitmll  motors  should  be  used  to  haul  ordinary  horse  cars  it 
becomes  necessary,  in  estimating  the  perfonnance  of  the  motor,  to  know 
the  traction  of  such  car^.  For  obvious  reasons  thistraction  must  be  less  per 
ton  than  that  of  the  motor  and  yet  more  than  that  of  ordinary  railroad  cars. 
which  is  nine  pounds  per  ton.  Probably  15  pounds  per  ton  would  be  a  full 
allowance  for  the  traction  of  ordinary  horse  railroad  cars,  and  a  train  01 
one  6  ton  motor  and  two  ordinary  cars  of  5  tons,  each  loaded,  would  make 
the  weight  of  the  train  16  tons  and  the  traction  300  pounds,  an  average  for 
the  train  1S.8  pounds  per  ton.  And  1 8,8  pounds  per  ton  traction  wouldgive 
the  angle  of  friction  at  which  the  train  would  descend  by  gravity=44j4 
feet  to  the  mile* 

The  train  of  one  small  motor  and  two  cars  could  ascend  grades  of  1 78 
feet  to  the  mile,  and  with  one  car  grades  of  240  feet  to  the  mile,  and 
steeper  grades  could  be  overcome  by  usingmore  air  * 

The  separate  motor p  not  intended  to  carry  passengers,  except  perhaps 
on  top,  would  permit  an  increase  of  reservoir  capacity  from  160  to  225 
cubic  feet ;  and  if  reservoirs  be  placed  also  under  the  seats  of  each  car  the 
capacity  of  a  two  car  train  with  motor  would  be  extended  to  325  cubic  feet 
or  doubled,  and  the  run  to  la  miles.  If,  in  addition,  in  speculating  upon 
the  possibilities  of  the  future,  the  reservoir  pressure  should  be  increai*ed  to 
500  poundsj  instead  of  350,  the  run  would  be  extended  43  per  cent,  or 
1 7  miles,  and  with  one  car  attached  to  motor  instead  of  two,  still  further. 
For  working  elevated  railroads  as  a  substitute  for  steam,  the  Pneumatic 
Motor  is  the  jjerfection  of  a  propelling  power.  The  motor  itself  coukl  be 
filled  with  air  reservoirs,  giving,  with  the  addition  of  reservoirs  under  the 

'  seats  of  the  cars,  unlimited  capacity,  and  there  is  no  run  within  suburban 
limits  that  would  be  beyond  the  power  of  the  motor,  with  a  single  station 

*Sia»  the  sibovt;  wst^^  writien  further  evpcnmimtfl  have  ih<)wn  that  tlic  lAcreaied  coflsumptioii  or  uf  |»y 

vtlmdibig  hone  can  to  {he  motor  t*)^  »bout  th«  agiount  thai  could  b?  fupplied  by  EVfecvoin  under  the  ieiti< 

'    uid  cobicquently  thikX  the  dutAiice  run  need  tioi  bti  diminLshed  by  nitachiag  addidoiial  can  Lf  jO  provided. 
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m  the  middle  of  the  road  to  reinforce  the  pre^uit;.  The  co$t  of  fuel  wouH 
he  reduced  fully  66  per  cent.*  and  noise,  dust,  steam  and  spaib 
from  motor  avoided. 

If  a  motor  should  run  off  the  track,  it  has  power  to  run  itself  im  the 
street  pavements  and  can  be  readily  replaced  by  the  aid  of  cnw-ban.  i 
the  tnac:hincr>*  should  become  deranged,  another  motor  could  ptish  it  ukI 
by  a  simple  hose  attachment,  the  air  in  the  tiisible<i  engine  coald  work  the 
machinery  of  the  helper.  , 

rHEOKETlCAL  TEST  OF  COMPRESSOKS* 

It  is  daimed  that  50  hon^e  power  for  100  hoi^e  fiower  of  compr^on 
can  be  actually  utilized  from  the  air  when  compressed.     This  will  be  tcste^J 

There  are  two  steam  cylinders  at  the  Second  A\  enue  compressor,  each  s  1 
inches  diameter  and  3  feet  stroke.  The  fir*t  compre^^ies  air  to  one-lifth  or  5 
atmospheres, and  the  second  cylinder  toone-fiith  again,  or  to  2$  atmosphere^ 
and  the  second  cylinder  is  one- fourth  the  area  of  the  first* 

In  compressing  to  one-fifth»  the  mean  prciibure  is  .522  of  initial  and  tbr 
resistance  in  first  compressor  is  3X\522=2,6i  atmo^^pheTes  throoighout  the 
itroke.  The  resistance  in  the  second  compressor  is  25X^522=13^05,  and  a* 
the  area  is  j^  of  the  first  compressor  the  comparative  work  is  15, 05 -^+=3.26 
almosf)heres»  and  3,26+ 2-6 1-1-3-^verage  pressure  in  bolh^^2.g4  aimo^ 
pheres.  The  steam  pressure  ^o  poimd«j^=5,3j  atmospheres  must  t;c 
cut  off  at  about  f  of  the  stroke  to  balance  resistance  of  comprasors,  omsmng 
friction  for  the  present. 

The  air  k  compres^sed  at  each  stroke  to  25  atmospheres  10  a  ux  mdt 
cylinder,  if  pimaping  into  a  tank  under  that  pressure* 

An  expenditure  of  3  feet  steam  in  one  cylinder  at  2.61,  and  3  fei 
^^iteam  in  second  cylinder  at  3.26  atmospheres,  is  eqtuvaleni  to 

3X2  61=7.83 

3X3-2  6-=9. 7  3^17,61  atmospheres  1  foot. 

The  air  in  the  first  cylinder  was  compressed  into  1-5,  arid  m  the  second' 
into  one-lifth  more  of  an  area=^.     So  the  resuh  will  stand — 

3  ft.XWi  and  ixf-j  , 

and  fk  with  ^  Mta=^xH~^dw  at  25  atmospheres,  xlrX^S^'-'Sati 
pheres,  one  foot  as  a  basis  of  computation. 

Cut  off  at  ^  the  mean  pressure  is  .169,  and  ejtixinded  to  atmospheric 
tension  the  work  done  by  the  air  under  tension  of  25  atmospheres  » 
2, !^X. 1 69X2 5  =^9. 5,  as  compared  to  the  work  in  compressing  it,  which  is 
17,61,  or  .54  per  cent»  of  the  power  expended,  omitting  friction. 
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It  does  not  seem  pcjssible  therefore^  with  the  plaits  now  used,  to  get 
quite  as  much  ais  50  per  cent,  from  the  romprt.*ssed  air  when  friction  is  con- 
sidered and  when  the  air  is  pumped  into  a  tank,  as  this  calculation  supposes, 
against  a  resisting  pressure  of  25  atmospheres,  but  if  tlie  air  should  be 
pumped  into  the  car  reservoirs  directly  where  the  pressure  at  the  commence- 
ment would  be  comparatively  low^  and  the  percentage  of  useful  effect  greater, 
it  can  readily  be  conceived  that  the  claim  of  fifty  percent,  duty  may  be  fully 
sustained,  particularly  as  the  pistons  move  with  great  ease  and  the  air  com 
pressors  are  self-lubricating, 

IFFECT  OF  INCREASING  COMPRESSION    TO   FIFTY     ATMOSPHERES. 

In  compressing  air  from  one  to  twenty-five  atmospheres  the  heat  liber- 
ated has  been  534  degrees,  but  in  reducing  the  volume  again  to  one  half, 
the  Additional  heat  evolved  would  be  only  116^.  In  compressing  air  from 
25  to  50  atmospheres  the  mean  pressure  would  be  42  atmospheren^  and  if 
the  stroke  should  be  3  feet,  the  work  done  in  compression  would  be  repre- 
sented by  3X42=126,  Omitting  friction  and  thermal  considerations,  if 
this  air  were  compressed  by  the  direct  action  of  steam  upon  a  piston  the 
pressure  being  say  5  atmosphereSj  the  area  of  the  piston  must  be  ten 
limes  the  area  of  the  piston  of  the  compressors,  and  a  full  cylinder  of  steam 
would  be  required  to  overcome  the  maximum  resistance  of  the  air  under  50 
atmospheres,  and  the  work  would  be  50X3=150  in  the  sieani  cylinder  to 
secure  an  amount  of  work  represented  by  126  in  the  compressor  and  which 
would  also  represent  the  amount  of  work  done  in  the  subsequent  expansion* 
Bin  with  a  double  acting  compressor  and  fly  wheel  the  power  required 
**  ould  not  greatly  exceed  the  mean  pressure  during  the  stroke,  and  the  loss 
would  be  but  little  more  than  that  which  was  due  to  friction,  and  therefore  the 
ptjft'entage  of  useful  effect  would  be  greater  at  high  than  at  low  pressures, 
providetj  it  could  be  as  fully  utilized  in  expanding.  If  expanded  without 
work  to  the  tension  required  for  the  ordinary  cylinder  pressure  there  would 
be  a  great  loss  of  |>ower  and  the  only  benefit  that  would  then  result  from 
the  increased  pressure  would  be  reduced  reservoir  capacity  for  a  given  run, 
or  an  increased  rim  with  a  given  capacity. 


CAPACITY    OF   CQ3HPRESSORS    AT    SECOND    AVENUE   STATION. 

The  compr^sor  at  Second  Avenue  station  is  rated  at  100  horse  power* 
It  developes  66  bor^e  power  at  mean  pressure  of  steam  and  73  strokes  per 
minute.  The  smaller  cylinder  is  6x36.  Its  cubic  contents,  ^^ix  tenths 
cubic  feet,  and  its  average  of  73  strokes  will  deliver  44  cubic  feet  per 
minute  at  5^  and  about  9  at  25  atmospheres. 
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car  contain  in  g  i6o  cubic  feet,  unc-third  full,  wiU  reqmrc  ic^^j  hodic 
feet  at  25  atmospheres  ;  but  as  the  engiDe  will  pump  against  S  atmosi^hc 
at  the  commencement  instead  of  25,  the  car  rescn^oirs  will  fill  more  ra|»id 
at  first  and  the  average  time  should  be'  7  minutes  or,  allowing  for  attachii 
and  detachings  9  minutes,  which  is  said  to  have  been  the  exact  time  requii^ 

To  charge  one  car  ^>e^  minute  would  require  a  plant  of  500  horse  power. 
which  can  be  furnished  at  a  cost  of  $20,000 ;  but  if  tiains  of  three  carr 
are  run  at  intervals  of  three  minutes  a  smaller  sum  wilt  suffice  for  engjnOj 
compressors  and  boilers. 

Considering  the  fatt  that  trains  on  elevated  railroads  stoponl^-atsuhis 
comparatively  far  a}>art,  whtle  surface  roads  may  stop  at  every  crossmg,  tlic 
av^erage  jiassenger  will  be  much  better  accommodated  with  the  pneutiiatii' 
motor  on  surface  roads  than  with  the  elevated  railroads,  and  llie  diflg 
in  time  will  be  trifling. 

Where  these  motors  are  introduced  elevated  railroads  will  never  1 
structed.     The  wants  of  the  public  for  rapid^  cheap  and  conientem  iun-.a 
will  be  met  in  the  best  manner  possible  by  the  surface  roads  now  exisimg 


TO  REMOVE  ICE  AKD  SHOW  FROM  THE  TRAGIC  ON  STEEP  GftABES, 

The  only  real  objection  to  street  motors,  and  this  applies  ct^tjally  to 
those  propelled  by  steam  and  air,  is  that  on  very  steep  grades  covered  nth 
ice  and  snow,  the  adhesion  may  be  so  much  reduced  tliat  the  motor  can 
not  be  operated. 

A  remedy  suggests  itself.  A  car  may  Ije  placed  in  front  of  the  motor 
containing  cylinders  with  water  under  So  i>ounds  pressurCt  or  jSo-  oi 
temperature  to  be  used  in  melting  and  running  off  the  ice  and  *vnow. 

The  heat  requireil  to  melt  ice  or  snovv  will  raise  an  equal  weight 
water  from  32'^  to  140^=108'^,     108  heat  units  are  therefore  required^ 
melt  one  poimd  of  ice*   Tanks  containing  160  cubic  feet  of  water  at  a  le 
perature  of  328^  degrees  will  hold  328X625X160^3,280,000  heat  uni^ 
capable  of  melting  3,380,000-1-103=30,000  pounds  of  ke. 

Suppose  the  snow  and  ice  were  of  such  depth  as  to  be  eqtiivalent  wli 
melted  to  one  inch  of  water,  8  feet  wide*    One  lineal  foot  would  coniaij)  i 
pounds,  and  30,000  pounds  would  require  700   feet  of  track,  which  | 
the  distance  cleared  by  water  of  one  car* 

The  cost  of  coal  for  these  700  feet  of  track  at  8,000  heat  units 
pound  of  coal,  and  coal  at  $4.00  per  ton  would  be  410  pounds  coal] 
$4.00  per  ton  ==8 1  cents.  Thb  would  probably  be  the  cheapest  possil 
way  of  malting  down  and  removing  ice  and  snow  from  track^^ 
sh.mld  be  drains  of  tile  or  metal  mider  the  tracks  on  steep  grades 
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frequent  grated  openings  to  allow  the  water  to  run  off  into  the  seweis  and 
escape  before  again  congealing. 

I  have  assumed  that  the  whole  track,  8  feet  wide,  is  to  be  cleared,  but 
this  is  unnecessary  for  the  purpose  of  securing  adhesion  j  one  foot  wide  at 
the  rails  might  be  stifficient* 

It  might  be  preferred  to  construct  cai^  specially  provided  with  tanks 
for  this  purpose,  lliis  is  immaterial,  but  the  weight  must  not  exceed  the 
power  of  the  motor  on  steep  grades,  unless ^  which  is  very  probable,  it  may 
be  deemed  expedient  to  construct  a  machine  specially  adapted  to  this  pur- 
pose and  hauled  by  hordes  to  clear  tracks  in  advance,  an  arrangement, the 
utility  of  which  is  well  worthy  the  consideration  of  all  horse  railway  com- 
panies. The  hot  water  shc^uld  be  discharged  under  pressure  in  the  form  of 
spray,  and  to  furnish  this  pressure,  when  the  temperature  falls  to  212^,  a 
receiver  of  compressed  air  should  be  provided  10  be  turned  on  when,  and 
as  reciuired. 

Practically  all  the  heat  units  could  not  be  utilizett,  but  it  might  be  pos- 
sible, with  160  cubic  feet  of  water  to  clear  400  or  500  feet  of  track  at  a 
cost  for  fuel  of  16  to  20  cents  per  100  feet. 

Possibly  it  may  be  found  advantageous  to  combine  the  hot  water  with 
the  shovel,  or  snow-plow.  To  shovel  off  the  bulk  of  snow  and  melt  the 
ice  wltich  adheres  to  the  rails  and  destroys  adhesion.  A  car  of  water  in 
this  way  would  clear  a  very  considerable  length  of  track.  In  extreme  cold 
weather  a  thin  film  of  ice  may  form  on  the  rail.  For  this  I  see  no  remedy 
better  than  the  ordinar}*'  sand  box  of  the  locomotive. 

These  are  crude  suggestions,  given  for  what  they  may  be  worth,  but  1 
have  endeavored  to  anticipate  and  meet  every  possible  objection  to  the 
motor.  I  can  see  none  except  the  want  of  adhesion  in  winter  on  steep 
grades,  which  applies  in  common  to  ail  other  motors,  and  even  to  horse- 
cars,  preventing  the  proper  action  of  the  brakes,  but,  if  every  other  plan 
fails,  there  h  one  resource  that  never  can  fail,  the  shovei,  and  this  must  l>e 
used  even  with  horse  power  and  very  frequently  in  severe  winters.  The  ex* 
traordinary  saving  in  cost  of  motive  power  will  greatly  overbalance  any 
difference  in  disadvantage  caused  by  ihe  winter  obstructions  of  iceand  snow. 

The  officers  of  the  Company  have  submitted  what  I  regard  as  an  ex- 
ceedingly modest  estimate  of  the  cost  of  power  as  compared  with  horses, 
in  which  it  is  stated  as  2  to  i  in  favor  of  compressed  air.  If,  as  has  been 
clainied  elsewhere,  ordinary  steam  motors  save  one-half  the  cost  of  power 
over  horses,  and  if  my  figures  are  reliable,  showing  in  consumption  of  coal 
more  than  3  to  1  in  favor  of  compressed  air  as  compared  with  ordinary 
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Steam  motons,  then  it  would  follow  that  the  cos!  for  power  alone  wotild 
be  6  to  I  in  tavor  of  air  ,ns  compared  with  horses. 

Do  not  misunder&tand  me,  1  refer  to  power  alone ;  general?  office  and 
other  expenses  are  unaflTected ;  but  power  is  by  far  the  most  serious.  The 
estimate  was,  moreover,  made  on  dry  air  before  the  heater  had  been 
added,  which  so  largely  increases  the  percentage  saved. 

A  few  minor  points  in  favor  of  the  motor  will  be  stated.  Stalled 
engineers  are  not  required  to  run  them,  a  man  of  ordinary  mtelligeiace  can 
learn  to  run  these  motors  in  a  single  trip.  What  is  a.  most  remarkable  and 
beautiful  feature  of  the  contrivance  is  that  a  driver,  however  ignorant  or 
careless  he  may  be,  cannot  fail  to  use  exactly  the  proper  amount  of  air  (oj 
the  resistance  to  be  overcome,  and  cannot  waste  it.  If  he  admits  too  little^ 
the  car  slackens  speed  or  stops  ;  if  loo  much^  be  must  shut  off  the  braek.  Ail 
is  done  by  the  movement  of  a  lever,  back  or  forward,  no  other  brake  is 
needed  and  the  motion  of  the  car  is  a  perfect  governor. 

This  arrangement,  amongst  the  many  beautiful  mechanical  devices  of 
the  motor*  impressed  me  a.s  one  of  the  most  remarkable.  I  was  apprehen- 
sive at  fir^t  that  ver>^  skillful  drivers  would  be  required  to  prevent  a  wasteful 
expenditure  of  air.  I  now  perceive  that  a  careless  driver  could  not  waste  it 
if  he  would,  unless  by  risking  his  neck  by  running  at  high  speed  down  Mcep 
inclines.  Another  advantage  of  the  motors  is  that  the  view  of  the  track  is 
unobstructed  and  can  be  seen  from  the  platform  on  which  the  driver  sits, 
while  horses  obstruct  the  view  of  the  track  for  30  feet. 

On  a  level  track  the  car  can  be  stopped  within  its  length  when  running 
at  a  speed  of  1 2  miles  per  hour,  and  on  grades  in  a  time  longer  or  shorter  in 
proportion.  The  brake  can  never  be  out  of  order  so  long  as  the  car  has 
the  Ability  to  move  at  all  The  brake  consists  in  a  full  or  partial  re%^ersion 
by  moving  a  lever. 

If  the  lever  should  get  out  of  order^  which  is  scarcely  within  the  bounds 
of  possibility  the  car  could  not  move  at  all,  therefore  the  brake  cannot  fail 
I  noticed  also  in  running  along  the  Second  Avenue  Railroad  on  the  motor 
that  horses  on  the  opposite  track  meeting  the  motor  would  sometimes  shy,  bti 
other  horses  not  on  the  track  did  not  notice  it.  The  car  horses  wouldj  no 
doubt,  soon  become  accustomed  to  the  motor,  but  as  its  general  u&e  would 
supersede  horses  altogether,  this  fact  is  of  little  consequence. 

OBJECTIONS. 


I  have  been  shown  a  criticism  of  the  motor  made  by  a  mechanical  engi- 
neer of  some  prominence!  which  surprises  me  greatly  and  can  otijy  be 
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counted  for  on  the  supposition  that  the  letter  whicli  recites  the  objections 
was  written  without  consideration. 

I  am  thankful,  however,  to  have  objections  stated^  when  they  can  be 
shown  to  he  ^oundless  they  serve  to  inspire  and  increase  confidence. 

The  objections  were : 

I.  The  air  car  requires  50  horse  power  to  keep  it  in  operation. 

Truer  but  if  dry  air  be  used  the  same  engine  will  charge  7  cars  per 
hour,  and  if  moist  and  heated  air  be  used  14  cars,  if  the  run  should  not  he 

I  increased  and  only  half  the  air  should  be  required,  which  is  only  4  horse 
power  to  a  car,  and  each  horse  power  costs  in  coal  consumed  one  fourth  to 
one  third  as  much  as  in  a  street-motor. 

Second  Objection.  The  coat  of  repairs  for  the  steam  cars  would  be  less 
than  for  the  air  car. 

Am,  No  reasons  are  given  and  the  fallacy  of  the  assertion  is  self-evi* 
dent*  There  is  no  fire  box  to  burn  out  and  no  boiler  to  rust,  burn  out  or 
explode.  The  reserv^oirs  filled  with  air,  absolutely  dry,  are  as  nearly  im- 
penshahle  as  anything  on  this  mundane  sphere  can  be.  The  parts  liable  to 
wear  by  friction  are  the  same  as  on  other  engines,  neither  more  nor  less 
expensive  to  repair,  but  the  heaviest  expenses  of  fire  box,  boilere  and  flues 
are  all  saved. 

Third  Objection,     The  air  car  is  not  so  reliable  as  a  steam  car,  as  it 
j  has  not  the  same  surplus  for  emergencies. 

Ans.  Why  not  ?  A  surplus  is  provided  of  33  per  cent.  Does  a  loco- 
motive finish  its  trip  with  as  much  reserve  power  in  coal  and  water  in  its 
tender?  Besides  all  the  cars  of  a  train  can  have  air  cylinders  under  the 
seats,  the  whole  of  which  can  be  held  in  reserve. 

The  above  are  the  only  objections  tliat  I  have  heard  advanced.     If  there 
\  is  any  force  in  them  I  cannot  perceive  it. 


THE  MORAL   AND   SAHtTARY   INFLUENCIS  OF   THE  PNEUMATIC   MOTOR* 

A  claim  that  the  pneumatic  motor  can  improve  the  morals  and  promote 
the  health  of  a  great  city,  may  provoke  a  smile,  but  incredulity  may  yield  to 
)  conviction  under  the  logic  of  facts. 

Quite  recently  a  prominent  citizen  of  New  York,  noted  for  his  efforts 
in  the  interests  of  humanity,  invited  a  number  of  the  clergymen  of  that 
city  to  meet  at  his  hoase  to  consider  the  terrible  and  increasing  evils 
of  the  tenement -house  system,  and  devise,  if  possible,  some  plan  for  its 
amelioration,  and  it  was  decided  that  all  who  were  present  should  on  a  day 
agreed  upon,  preach  a  sermon  on  the  subject. 
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The  following  startling  statistics  were  given :  In  a  population  of  one  mil- 
lion inhabitants,  in  New  York,  one-half,  or  500,000,  live  in  tenenaent- 
houses,  sometimes  four  families  in  a  room,  the  boundaries  defined  by  chalk 
lines.  The  Seventeenth  Ward  averages  305  inhabitants  to  the  acre.  The 
Eleventh  Ward,  356  to  the  acre,  and  some  blocks,  750  to  the  acre.  The 
deaths  last  year  were  27,000,  which  is  25  per  cent,  more  in  proportion  to 
population  than  in  Philadelphia,  where  separate  houses  are  occupied  by  sep- 
arate families,  and  the  tenement-house  system  does  not  exist. 

The  average  of  cases  of  sickness  to  one  death  is  28,  or  750,000  cases 
of  sickness  of  some  kind  in  New  York  annually.  Of  the  deaths,  70  per 
cent,  occurred  in  the  tenement  houses,  leaving  30  per  cent,  for  the  balance 
of  the  population  of  equal  number. 

The  deaths  in  tenement  houses  were  therefore  133  per  cent,  greater 
than  in  the  balance  of  the  population.  These  houses  furnish  nearly  all  the 
paupers  and  criminals,  and  a  majority  of  the  voters.  Their  occupants  hold  the 
balance  of  power,  control  the  elections,  elect  city  officials  and  impose  taxes 
on  property  owners,  while  contributing  nothing  themselves  to  the  burdens 
they  impose  on  others.  These  tenement  houses  are  the  very  sinks  of  iniquity, 
hot  beds  of  vice  and  immorality,  the  abodes  of  impurity,  and  the  birth 
places  of  pestilence.  What  is  the  remedy  for  these  terrible  evils  ?  The 
answer  is,  separate  households  and  suburban  dweUings.  Give  this  popu- 
lation and  others,  similarly  situated,  pure  air,  green  fields  and  Heaven's 
sunshine,  and  the  evils  will  be  greatly  mitigated  if  not  radically  cured. 

How  is  this  to  be  obtained?  how  can  laboring  men  living  3  to  10  railes 
from  a  city  get  to  their  work  and  return  to  their  homes  at  an  expendi- 
ture of  time  and  money  within  their  moderate  resources  ?  The  answer  is, 
cheap  and  rapid  transit.  A  motor  whose  speed  is  limited  only  by  considera- 
tions of  safety,  and  whose  cost  for  power  will  not  exceed  one-third  of  the 
cost  of  steam  is  the  best  solution  of  this  most  difficult  problem.  The  key 
to  this  solution  is  the  pneumatic  motor. 

Respectfully  submitted, 

H.  HAUPT,  Consulting  Engineer, 

328  Walnut  St.,  Phila. 
Or,  at  Office  of  the  Pneumatic  Tramway  Engine  Company, 
17  Broad  Street,  New  York. 


Estimate  of  the  cost   of  Power  by  the  use  of  the   Pneumatic 
Motor  as  compared  with  Horses. 

From  the  reports  of  sixteen  horse  car  companies  in  the  city  of  New 
York,  operating  102  miles  of  road  with  I1297  cars  and  10,301  horses,  it 
appears  that  the  expenses  for  1S76  were  : — 

For  repairs  of  harness,  141,861  per  horse,  $     4.06 

I    *'   shoeing  horses,  254,578                                       *'  3^*77 

"  feed,  1,381,316                                      *'  134.39 

*'   stable  expenses,  434,014                                       "  4^*13 

* '   replacing  ho  raes ,  227,693                                        '  •  22.10 

^2,219,463  5215.45 

Cost  ot  one  horse  one  month,  |i8.oo;  number  of  horses  10  one  car 
average  8. 

/ff-^m  the  Report  af  ihi  Sm^nd  Amnue  Rai^&ad  Company  for  iS/8  ; 

Number  of  cars,  167;  number  of  horsa,  1197*     Cost  of  cars  ^92,800, 
^average  cost  of  one  car,  ^5 56.00.* 

EXPENSES   OF  RUNNING. 

Repairs  of  cars  and  harness,               -        -        -        .        -  $  30,319 

Horse  shoeing^     ----*---  **^*593 

Horses,            -  42,000 

Stable  expenses,    -        - 46,54^ 

Feed,      - 108,785 

$244,239 
Average  expenses  per  horse,  I204. 

One  horse,  one  month,  17.  , 

Av^erage  horses  per  car,  10. 

Additional  Items, 

The  cost  of  hoises,  harness,  wagons,  etc.,  was  $116,600,  the  interest 
and  depreciation  of  which  will  be  taken  at  15  per  cent.,  in  addition  to 
horses  replaced=$  17,490.     167  cars  cost  $92,000^  the  repairs  on  which 


•II  li  stated  by  offlcera  of  Ihe  ooBis»ny  that  Uie  c&ra  reported  i  167)  Include  many  nttt  In  ragu- 
une.  tli«  matUBl  immber  Inuse  In  about  105.  Horsed  to  otmeaf^lO,  Gout  of  car  when  new^flOSO 
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have  been  mdiided,  but  aTi  allowance  must  be  made  for  int^cst  and  t 

preciation  not  co%'ered  by  repairs  say,  loper  cent.,  making  -        $9,9 

Pay  of  conductors  and  drivers,        _        ,        ,        -        -  $167,^151 

The  total  expenses  of  all  kinds  were,                       -        -  $730,4661 

The  total  number  of  passengers  carried,                      -  161063^560^ 

The  cost  per  paiisenger,        *        .        .        .  *    ^^^^  cmn 

Which  indndes  a  sbt  per  cent,  dividend  of                          -  S7a»ooo] 

Cost  per  passenger  exdusive  of  dividend,                       -  -     4.10  < 


Summary. 

Expenses  as  above,  _         _         _         -  _  $2,^^ 

Interest  and  depreciation  in  horses,  etc. , 

"  '*  in  cars,       '*       - 

Conductors  and  d^i^^e^s,       --,.--  % 

Interest  on  stable  property,       ----- 

Total  running  expenses  with  horse  power,  5  t<^^.4M 
Running  expenses  per  passenger,  exclusive  of  dividends  and 

genera!  expenses,  -         .         ,  j 

Induding  general  expenses,  _         .         .  ^ 

Including  dividends  as  above,  -        .        .         .         .  4, 


COST  OF  OPERATING  THE  SECOND  AVENUE  RAILROAD  WITH  PNEUMATIC  M0T0E5*  J 

It  will  be  assumed  as  the  basis  for  this  comparative  estimate  that  short^ 
motors  will  be  used,  each  motor  carrying  two  cars  and  making  trips  in  two- 
thirds  of  the  time  required  with  horses.     The  expense  of  conductors  and 
drivers,  which  amounts  to  1 1,000  per  car,  will  be  reduced  one-half- 

The  motors  required  for  167  cars*  will  be  84,  at  a  cost  of  $1,500  eadi|i 
Si 36,000.     The  interest,  repairs  and  depreciation,  20  per  cent. =$25,000,'] 

If  the  distance  between  termini  be  taken  at  8  miles  and  the  time  one 
hour,  the  intervals  between  trains  will  be  under  i  Ji  minutes,  and  the  > 
of  compressor  plant  will  be  es^ti mated  for  each  station  at  $20,000.  Inter- 
est and  repairs  on  which,  20  per  cent. ,  J 4, 000. 

It    has    been    shown    that  the  compressor  at  the    Harlem    station, 
which  develops  66  horse  power  while  working,  charges  a  motor  in  7  min- 


*  If,  as  b  now  stilted,  the  actual  number  of  cars  is  105  t»istead  of  167.  the  luoiort 
required  will  be  53  insrend  of  84t  and  motor  expenses  vrill  be  reduced  ^5  per  oenu 
will  reduce  the  cost  per  passenger  on  sixteen  mllliotis  carried  to  0.G7  cents  for  moUv 
power  expenses  as  against  a, 8 8  cents,  with  horse  power* 
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utes,  or  at  the  rate  of  g  per  hour,  and  at  the  same  rate  the  power  required 
to  charge  one  motor  in  i  J^  minuter  would  be  380,  and  at  5  |x>unds  of  coal 
per  horse  power  per  hour,  the  consumption  for  average  of  16  houre  would 
be  1140  pounds  per  hour  and  1S1240  pounds  or  9.12  tons  per  day. 

The  Delamater  and  Coriisis  works  both  claim  a  duty  of  2^4  pounds  of  j 
coal  per  horse  power  on  rhe  engines  constructed  by  them,  but  in  this  estimate 
3  pounds  have  been  allowed,  and  manufacturers  have  proposed  to  furnish 
engiDes  and  compressors  capable  of  charging  one  car  per  minute  for  $20^000. 
The  present  motor  runs  10  miles,  but  with  the  increased  reservoir  capacity 
«>f  motors  not  carrying  passengers  the  nm  should  be  increased  to  13  miles, 
and  one  station  in  the  middle  should  nm  the  road. 

To  remove  all  que:stions,  however,  as  to  the  sufficiency  of  the  estimate 
now  submitted,  two  stations  will  be  allowed  instead  of  one  ;  each  costing 
5ao,ooo,  and  the  coal  consumption  will  be  increased  to  1 2  tons.  The  estimate 
will  then  stand  as  compared  with  hor^e  power  :^ 


Interest  and   repairs   on  167  cars,  costing  192,000, 

at  20  per  cent,  per  annum, 
Interest   and   repairs  on   compressor    plant*  costing 

$40,000  @  20  per  ct., 
Interest  on  building  for  compressors, 
84  drivers  and  conductors,  1 1,000  per  car. 
4  engineers  at     $  3,00  per  day,  ] 
4  ^sistants  at         2.00        **        | 
8  firemen  at  2.00        •*        j 

It  tons  coa!  at      41.00       **       J  ] 


per  year, 


119,400 

8 ,000 

5 ,000 

84,000 


^7.010 


Total  motor  expenses, 

Cost  per  passenger  for  running  expenses, 

Other  expenses  as  beforei  including  a  six  per  cent. 

dividend  J  ^730*046 — $462,414, 
Total  eatpenses  including  dividends. 
Cost  per  passenger  on  16,000,000,  with  dividend, 
Cost  per  passenger  exclusive  of  dividend, 
Maximum  capacity  of  167  cars  all  sealed  and, — 

assuming  all  p^issengers  as  through t 
The  comparison  of  running   expenses  above  stated 

with  horse  power  per  passjcnger, 
With  pneumatic  motor. 
And  a  very  slight  increase  in  the  numlier  of  passengers  would  permit  charges 
to  be  reduced  to  2^  cents,  and  srill  pay  6  per  cent,  dividends. 


$143,410 

0.89  cts. 

267,632 

^411,042 

2,57  cts* 

2,12  CtB. 

20,000,000 

2.SS  GtS. 

O.S9    *' 
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CONSEQUE!*CES- 

The  estimate  herewith  submitted,  which  is  believed  to  be  full  and  liberal 
would  seem  to  justify  aanclusions  of  great  practical  importance  to  stock- 
holders of  surface  roads  and  to  the  public  general  I  y*  The  Second  Aveniic 
Jlail  Road  has  been  taken  as  an  illustratjon  only  because  the  data  were  acces- 
sible.  The  same  results  would  no  doubt  follow  a  compamtive  estimate  <in 
Cither  roads. 

On  the  basis  of  sixteen  millions  of  pi^scngers    carried  on  ihb 
ciperated  by  horse  pow^r^  the  actual  results  were : 

Running  expenses  per  passt-nger*  inclusive  of  dividends  and 

general  expenses,  2.S8  centa._ 

ICstitnate  by  use  of  pneumatic  motor^  0,85 

(^osl  per  passenger  by  horse  power,  mcluding  general  expenses, 

but  not  dividends,  4.10 

Esriraate  of  use  of  pneumatic  motor,  2,11 

Cost  per  passenger,  by  horse  power,  including  both  general  ex- 
penses and  dividend,  4.55 
Estimate  by  use  of  pneumatic  motor,                                            2.57 

What  is  the  lesson  which  is  taught  by  these  figures?     If  on  the  basis  { 
the  actual  business  of   the  Second  Avenue  Rail  Road   the  economy  < 
operation  can  be  so  greatly  increased  by  the  use  of  the  pneumatic  motor» 
that  dividends  can  be  paid  on  a  charge  of  2j^  cents  per  passenger  fro 
City  Hall  to  Harlem,  a  distance  of  8  miles,  who  can  calculate  the 
crease  from  greatly  reduced  fares  coupled  with  accelerated  speed  ? 

The  elevated  rail  roads  have  been  a  complete  success.  Horse  rail  roads 
and  stages  are  doomed;  their  patronage  is  rapidly  departing,  but  the 
compressed  air  motor  comes  forward  opportunely  to  save  surface  roads  from 
ruin,  retain  their  efficiency,  usefulness  and  dividend  earning  capacity,  uiiliic 
existing  roads,  plant  and  employes  and  secure  a  change  of  system  almost 
without  any  expenditure  of  capital,  since  the  sale  of  horses  and  ham^s  will 
generally  pay  for  the  motors  that  supersede  them. 

If  the  Second  Avenue  Rail  Road  Company  would  put  the  fare  throtsg 
from  City  Hall  to  Harlem  at  5  cents  or  half  the  Elevated  Railroad  €:harge»  and 
run  the  S  miles  with  compressed  air  in  40  minutes,  a*speed  entirely  practicable 
if  street  obstructions  are  not  too  numerous,  the  bulk  of  the  population  would 
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patronize  the  surface  roads,  but  if  these  improvements  are  not  adopted  it 
is  too  clear  to  admit  of  controversy,  that  horse  rail  roads  must  succumb.  A 
successful  competition  with  Elevated  Railroads  is  with  horse  power  obviously 
impossible. 

Respectfully  submitted, 

H.  HAUPT,  Consulting  Engineer, 
328  Walnut  Street,  Philadelphia 
Or,  at  Office  of  the  Pneumtic  Tramway  Engine  Co, 
No.  17  Broad  Street,  New  York. 
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SUPPLEMENT. 

For  several  days  previous  to  March  T2th,  1879,  experiments  were  made 
with  the  Motor  on  the  Second  Avenue  Railroad,  thie  results  of  which  it  is 
proper  to  nete. 

March  9th,  started  from  depot  at  127th  street,  and  made  three  round 
trips,  with  the  following  record  :  — 

1st  trip  started  with  pressure, 360  pounds 

Consumed,  95       *' 

Returned  with  265       '* 

2d  trip  started  with  265       ** 

Consumed 95       " 

Returned  with 1 70       " 

3d  trip  started  with 170       " 

Consumed  75       ** 

Returned  with 95       ** 

This  result  was  so  remarkable,  that  the  President  of  the  Company,  Mr. 
F.  Henriques,  requested  the  writer  to  superintend  some  further  experiments, 
to  ascertain  if  increased  duty  would  be  secured  by  running  at  reduced 
pressures.  Accordingly,  on  March  loth,  three  more  trips  were  made  with 
the  following  record  : — 

ist  trip  started  with,         .-..-..  360  pounds 

Temperature  of  water,       -         -         -         -         -  324° 

Mean  working  pressure  while  running,  -         -  120  pounds 

Water   absorbed,       -         -         -         -         -         -  3^       " 

Pressure  on  return,       ------  290       •* 

Consumed,        -------  yo 

2d  trip  started  with, 286  pounds 

Mean  working  pressure, 120       ** 

Consumed  water,  -         -         -         -         -         -  11.3 

Temperature  of  water  on  return,       -         .         -  198° 

Pressure  at  end  of  trip,  -         -         -         -         -  195  pounds 

Consumed,       -         -  -         .         -         -  91        ** 


[  2T  ]  

^  3Ci  trip  Started  with,         .-__-,.        195  pounds 
Mean  working  pressure  until  pressure  fell  below,  1 20       *' 

Water  absorbed,       -        -        -        -        -        -  rg.S       " 

Temperature  on  return,        _        -        _        _        -        igo*^ 

Pressure  at  end  of  trip, 95  pounds 

Con&uraed,  - -         100       *• 

The  comparison  of  these  two  tests  exhibit  very  remarkable  results. 

The  total  i  onsumption  of  air  in  the  three  round  tiips  was  precisely  the 
same,  starting  with  360  pounds  and  finishing  with  95,  consuming  265 
pounds  or  an  average  of  BB.^^  each  trip.  The  last  trip  of  the  first  series 
was  run  with  75  pounds.  This  fact  it  is  difficult  to  explain,  as  the  water 
was  certainly  much  cooler  than  at  the  start,  and  it  could  not  have  con- 
tributed so  large  a  proportion  of  vapor- 
In  the  first  run  of  the  second  series  the  air  consumed  was  70  pounds 
pressure,  equivalent  to  747  cubic  feet,  or  57^.3  pounds  at  atmcKpheric  ten- 
sion, and  this  air  absorbed  the  very  extraordinary  amount  of  31  pounds  of 
wa^er,  or  more  than  half  a  pound  of  water  for  each  pound  of  air,  which  is 
double  the  average  consumption  and  four  times  the  capacity  of  ordinary 
air  for  moisture. 

It  will  be  observed,  also,  that  a  great  reduction  of  temperature  from 
324^  to  190^  or ,126^  was  found  in  the  two  runs. 

The  large  quantity  of  vapor  and  heat  abstracted  from  the  water  in  the 
first  run  will  fully  and  satisfactorily  account  for  the  small  quantity  of  air  con- 
sumed and  would  serve  to  indicate  the  possibility  of  increasing  the  distance 
run  by  burning  gas  or  petroleum,  to  replace  the  heat  which  the  air  absorbs. 
There  must,  however,  always  be  a  loss  of  power  when  air^  alter  being 
compressed,  is  expanded  to  a  lower  tension  without  work. 

In  the  last  run  of  the  second  series  100  pounds  were  consumed.  This 
WIS  to  have  been  expected,  as  the  water  at  the  end  of  the  run  was  32^  be- 
low the  boiling  point* 

On  Tuesday*  March  nth*  further  experiments  were  made  to  determine 
the  effect  of  attaching  additional  cars  to  the  motor.  The  following  is  the 
record  taken  by  Mr,  Harley  :■ — 

I  St  trip  started  from  127  street,  with         ,        ,        ,        -        ^oo  pounds 
At  depot,  97th  street,  air  pressure,     -        -        -  150       '* 

Consumed  in  half  trip*  ,        -        -  -  50       " 

Coupled  on  2  ordinary  street  cars,  pressure  at  end 

of  trip,  137th  street,       -        -        *        -  170      '' 

Consumed  with  the  2  cars  and  motor,    -        -         -  80       *  * 

Temperature  of  water,      -        -        -  *  ^05^ 
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2d  trip,  started  with 335  pounds 

Run  at  mean  pressure, 150       ** 

Cars  in  tow, 2 

Pressure  at  97th  street, 275  pounds 

Consumed,  -- 60       '* 

Water  used,  -        .        _        .  .  14.2       *' 

Reduced  pressure  in  heater  to        -        -        -        -  130       *< 

2d  trip  return,  2  cars  in  tow,  started  97th  street,  pressure,  1^75  pounds 

Pressure  at  127th  street,  -        ...         .  i^q       <« 

Consumed  pressure,  85       ** 

Water  used,  14.2       *' 

3d  trip,  heated  water  again,  2  cars  started  from  127th  street 

with  a  pressure  of  ....  330  pounds 

At  97th  street,  pressure,  ....  265       *< 

Consumed,  ---.•-..  65       '' 

Water  used,  16       " 

Return,  no  cars  in  low,  started  from  97th  street  250       ** 

At  127th  street,  200       '* 

Consumed,  50       " 

Water  used,  -        -         -        .  -    -        -       *.  11       *' 

OBSERVATIONS. 


It  appears  that  the  two  up  trips  consumed  80  and  85  pounds  of  pressure, 
and  the  two  down  trips  60  and  65  pounds,  and  the  up  trips  required  33  per 
cent,  more  than  the  down  trips.  This  may  be  due  to  the  very  bad  condi- 
tion of  the  up  track.  The  average  round  trip  required  145  pounds  with 
two  cars  attached  to  motor,  as  against  90  pounds  with  motor  alone,  an  in- 
crease of  60  per  cent,  or  30  per  cent,  for  each  car  hauled.  The  two  cars 
probably  weighed  as  much  as  the  moter,  and  if  so,  the  traction  of  the  cars 
would  be  15  pounds  per  ton,  assuming  the  motor  at  25. 

The  data  furnished  by  observations  on- the  motor  will  serve  to  indicate 
the  loss  of  power  and  of  work  in  transmission  from  the  piston  to  the  rail, 
starting  at  350  pounds  pressure,  the  run  of  9^  miles  was  made  with  270 
pounds  pressure,  or  90  pounds  per  average  run,  or  298  cubic  feet  of  air  at 
atmospheric  density  per  mile.  Assuming  for  the  present  that  the  effect 
of  heating  and  moistening  the  air  is  chiefly  to  compensate  for  the  reduced 
temperature  in  expanding,  and  to  secure  the  full  benefit  of  isothermal  ex- 
pansion, the  foot-pounds  of  work  per  mile  will  be  computed  on  this  basis. 
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The  volume  required  per  mile  to  fill  the  capacity  of  the  working  cylin- 
[ders  is  720  cubic  feet.     The  sgS  cubic  feet  therefore  filling  40  per  cent,  of 
'  the  cylinder  capacity ,  leaving  60  per  cent,  to  be  replaced  by  air  from  the 
exhaust  passages,  by  the  opening  of  the  suction  valves. 

If  used  under  an  average  pressure  of  170  pounds^ii  1,33  atmosphere 
I  indicated,  or  ij.33  atmospheres  actual,  the  atmospheric  pressure  would 
[be  reached  in  X3X.4^^5^2  inches  of  stroke  in  cylinders,  and  the  mean 
^pbtoQ  pressure  during  the  5.2  inch  stroke  would  be  1732  pounds. 

As  there  are  4  cylinder  discharges  to  each  revolution  and  720  re  vol  u- 
'tions  to  a  mile,  the  travel  of  piston  per  mile  run  under  pressure  will  be 
720X4X5.2^=14976  inches=i 250  feet  and  r25ox^73^=^>t<SSpOoo  foot 
pounds  of  work  done  at  piston,  per  mile  of  actual  run,  If  now  it  re- 
quires a  tractive  force  of  25  pounds  per  ton  on  a  level  road  to  move  the 
motor  and  the  weight  be  S  tons,  then  8x^5  <5^8<3=i'OS6*oo^  foot  pounds 
per  mile,  which,  if  the  road  was  level,  would  represent  the  actual  work 
utilized  from  an  expenditure  of  2.165,000  footpounds  upon  the  piston^ 
which  is  50  per  cent,  nearly. 

It  would  appear,  therefore^  that  only  half  the  power  applied  to  the  pis- 
I  ton  is  actually  utilized  in  propulsion  on  the  track,  and  the  balance  must  be 
expended  in  overcoming  friction  of  motor  and  other  resistances  a.nd 
losses.  The  power  required  to  move  the  motor  if  applied  externally,  and 
also  the  traction  of  the  ordinary  horse  cars  is  not  known  and  should  be 
determined. 

The  computation  of  average  run  has  been  based  on  an  expansion  of 
I  twelve  and  reaching  atmospheric  tension  at  .4  of  the  length  of  the  cylinder 
using  only  one  thirtieth  part   of  a  cybnder  of  air  at  each  stroke.      If  a 
fnll  cylinder  of  air  should  be  tjsed  the  power  on  the  piston  would  be  in- 
creased nearly  nine  times,  but  the  consumption  of  air  thirty  limes* 
I        This  great  reserve  oi  power  over  the  average  for  ordinary  work  is  an 
advantage  of  no  small  importance.      The  reserve   of  power  can  be  drawn 
upon  to  overcome  great  resistances,  if  of  short  duration. 
I        As  an  illustration  of  this  fact,  and  since  the  above  paragraph  was  writ- 
ten, Mr.  James  states  that  on  one  occasion  the  motor  got  off  the  track  at 
a  sharp  curve  and  switch  at  the  127th  Street  depot ;  a  ditch  had  been  dug 
I  for  gas  pipes  and  filled  in  but  not  paved,      I'he  hind  wheels  sunk  in  the 
ditch  until  the  frame  of  the  motor  restetl  on  the  pavement.     A  high  pres- 
usre  was  let  on  and  the  machine  pulled  itself  out  without  further  assistance. 
The  writer  cannot  close  this  report  without  an  acknowledgement  of 
the    valuable   information   that  he  has  received    from    the    Company*s 
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engineers,  Messrs.  Hardie  and  James,  whose  remarkable  ingenuity  aad 
mechanical  skill  have  secured  the  results  detailed  in  this  report.  Bic 
James  is  not  only  an  accomplished  machinist,  but  an  expert  mathematiciao, 
a  Bachelor  of  Science  and  a  graduate  of  the  University  of  Edinbuig. 

Mr.  Reynolds,  the  engineer  of  the  Delamater  works,  is  too  well  and 
too  favorably  known  too  require  endorsement  from  any  one.  The  P&en- 
matic  Tramway  Engine  Company  have  certainly  been  fortimate  in  securing 
an  unusual  combination  of  talent  in  their  mechanical  engineer  department, 
and  to  this  the  success  of  the  motor  must  be  largely  attributed. 

H.  HAUPT, 
Consulting  Engineer. 
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